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THE     UNDERGROUND    WATKRS    OF    NORTH-WEST    YORKSHIRE. 
PART   I.      THE    SOURCES    OF    THE    RIVER    AIRE. 

L     Introduction. 

BY     J.      H.      HOWAKTH,      F.fJ.S. 

Since  Camden  in  1590  wrote  that  "The  Aire  lias  its  sources 
in  the  roots  of  Pennyghent,*'  the  sources  of  that  river  and  the 
under^ound  waters  about  Malliam  have  l)een  subjects  of  much 
interest  and  some  mystery.  What  is  tlie  problem  to  Ix^  solved  ? 
It    may   be  briefly  stated  thus : 

From  the  valley  of  the  Kibble  by  Stainforth,  Neals  Ing, 
Capon  Hall,  and  Malham  Tarn  runs  a  lon<;  strip  of  Upper 
Silurian  rocks  which  die  out  under  the  Carboniferous  Limestone 
just  eastwards  of  Upper  Gordale  where  the  l^eck  leaves  the  moor 
and  takes  to  the  gorge.  This  strip  is  brought  up  by  the 
IN'orth    Craven   Fault,  and   its   southern   edge   is   shar])ly  marked 
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by  the   line   of  fault   and   may  be   easily   traced   the    whole  dii-^j 
tance.      On   the   north   this    strip   is   bounded   by   the   overlji 
Carboniferous  Limestone,  which  has  been  very  unevenly  deno 
and    presents   a   long   sinuous   front   to   the   Silurian,  here 
into   sharp  escarpments  as   at   Great   Close   and  behind   Mai 
Tarn    House,   and    there    receding   in   long    gentle    slopes   as 
Chapel    Fell,    Knowe    Fell,   and    about   West    Side   House, 
a  line  across  by  Neals   Ing  and  Cattrigg  the  Silurian  is  n< 
two   miles  wide,  half  a  mile  west  of  Capon  Hall   it    narrows 
zero,  widens   to   about  a   mile    at    Malham    Tarn,   and    narrovi 
again   to  where   it   disappears   eastwards   near   Gordale   Beck. 

The  area  under  consideration  is  included  in  a  line  drawl 
from  near  Capon  Hall  on  the  west,  Knowe  Fell  on  tb 
southerly  side  of  Fountains  Fell  on  the  north,  round  by  Middk 
House  and  East  Great  Close  (under  Hard  Flask)  to  High  Stonef 
Bank  on  the  east,  and  Kirkby  Malham  in  the  Aire  Valley  flt 
the  south.  This  area  forms  the  upper  watershed  of  the  Riveti 
Aire. 

What  happens  is  this.  All  the  rainfall  on  the  liraestaoi 
on  the  north  side  of  the  Silurian,  and  several  springs  which  ri* 
up  the  slopes  of  Knowe  Fell  towards  Gentleman's  Gate  and 
Fountains  Fell,  sink  into  the  limestone  and  are  brought  to  tii 
surface  again  at  the  edge  of  the  Silurian  rocks  which  are  tiltd 
at  a  high  angle.  These  waters  flow  across  the  Silurian  rocbi 
either  in  streams  or  through  Malham  Tarn,  only  to  sink  agii» 
on  reaching  the  limestone  on  the  south  side. 

To  this  rule  Gordale  Beck  has  been  regarded  hitherto  n 
the  only  exception,  but  it  now  transpires  that  Gordale  stream  i» 
only  partially  an  exception,  and  is  itself  undergoing  absorption 
into  the  limestone.  The«e  waters,  sinking  south  of  the  North 
Craven  Fault,  reappear  below  the  great  escarpments  about  Malham 
and  Gordale  formed  by  the  Mid  Craven  Fault,  with  all  the  raifr 
fall  and  springs  on  the  limestone  area  lying  between  the  two 
lines  of  fault.  The  limestone  on  the  south  side  of  the  Silurian 
absorbs  all  surface  waters  just  as  it  does  on  the  north   side. 
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\.  twenty-five  acre  field  called  Hensit  (or  Hensetts)  by 
ci  Hall  lies  just  on  the  watershed  between  the  Aire  and 
^bble,  and  supplies  water  to  both  rivers.  On  the  Aire  side 
lis  field  are  two  never-failing  springs,  and  in  a  small  croft 
d  "The  Coppy,"  close  by,  is  a  third.*  These  springs  appear 
on  the  northern  edge  of  the  Silurian,  and  are  doubtless  fed 
i  the  limestone  above.  They  form  the  stream  which  runs 
n  through  the  Whyes  (or  Withes)  and  the  Streets,  and 
;h,  on  reaching  the  North  Craven  Fault  at  the  Smelt  Mill, 
ppears  in  the  limestone.  In  the  meadows  about  Capon  Hall 
strong  springs,  carried  off  by  drainage,  which  are  similarly 
ight  up  by  the  Silurian  rocks  from  the  north  side  limestone, 
the  Whyes  adjoining  Black  Hill  is  a  stream  which  in  a 
rt  distance  sinks  in  a  pot-hole  close  to  the  main  fault. 

The  streams  and  springs  on  Grisedales  and  Outside  sink  in 
holes  in  the  limestone  along  the  subsidiary  fault  which  brings 

Yoredale  Shales  of  Clattering  Sykes  down  against  the  lime- 
le  of  the  Ha  on  the  east  of  Outside.  These  waters,  although 
ig  in  the  watershed  of   the  riv(»r  Ribble,  find   tlieir  way  into 

Aire  by  the  same  route  as  the  Smelt  Mill  stream. 

Malham  Tarn  is  fed  In*  springs  from  th<»  linicstorie  on  the 
them  edge  of  the  Silurian  area.  A  small  stream  rises  in  tho 
xlows  of  High  Trenhouse  Farm,  under  Knowe  Fell,  and  ilows 
Tarn    Moss    into    the    lake.      The    principal    sprin^j^s,    however, 

at  Water  Houses,  where  then*  an*  three  or  four  of  sc^nu? 
ortance ;  and  here,  doubtless,  most  of  the  water  sinking  on 
)we  Fell  re^ippears.  On  this  line  *'l>ursts''  have  ])een  known 
)ccur  on  Chapel  Fell  just  alx>ve  Water  Houses,  when  these 
(igs  were  unable  to  discharge  an  abnormal  suj)j»ly.  There  is 
3ring  also  on  the  lake  side*  (N.W.)  between  the  old  l)oat 
«  and  the  moss,  and  several  on  the  east  side  fmni  under 
it  Close  and  about  Ha  Mire  which  lind  their  wav  into  the 
1.     These  all  appear  near  the  junction  of  the  liniest^ine  with 


*  Mr.  James  Howarth,  who  lived  at  Capon  Hall  for  many  years,  tells 
hat  in  dry  Mtason^  ho  has  known  this  spring  chb  and  tlow. 
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the  Silurian,  but  there  is  one  at  Spiggott  Hill  at  the  Sonth 
West  corner  of  the  Tarn  out  of  the  Silurian,  and  another  in 
the  lower  Streets.  Malham  Tarn  rests  on  the  upturned  and 
denuded  edges  of  the  Silurian  rocks,  and  is  dammed  in  as  to 
its  sides  with  drift,  and  deepened  by  an  artificial  embankment 
at  its  outlet.  The  lake  discharges  at  its  south-east  comer,  and 
the  outflow  soon  crosses  the  North  Craven  Fault  on  its  line  from 
the  Smelt  Mill  eastwards,  and  sinks  in  the  limestone  at  the 
well-known   sinks. 

Further  east  under  the  escarpments  about  Middle  Houses 
the  east  side  of  Great  Close,  and  on  High  Stoney  Bank,  rise 
several  streams  which  together  form  Gordale  Beck.  These  are 
on  the  limestone,  but,  owing  perhaps  mainly  to  drift,  they  keqp 
to  the  surface.  They  flow  over  the  narrow  strip  of  Silurian 
near  where  it  is  dying  out ;  and,  now  in  one  stream,  they  cross 
the  North  Craven  Fault  and  proceed  down  Gordale.  By  tlie 
present  investigation  we  now  learn  that  the  stream  always  under- 
goes considerable  absorption  into  the  limestone  in  mid-Gordak^ 
and  during  the  summer  of  1899  was  entirely  absorbed. 

There  are  thus  three  principal  sinks,  viz.:  At  the  Smdt 
Mill,  ISIalham  Tarn  Sinks,  and  in  Gordale ;  while  curionsly 
enough  there  are  three  principal  outlets,  viz. :  At  Malham  Cove, 
Aire  Head,  and  in  Gordale  bottom  on  the  east  of  the  main  stream 
between  the  falls  and  Gordale  House. 

To  trace  each  sink  to  its  outlet,  and  conversely  each  outlet 
to  its  source,  is  the  problem. 

How  long  it  is  since  the  waters  of  Malham  Tarn  ceased  to 
flow  regularly  down  Comb  Scar,  and  over  the  top  of  Malham 
Cove,  but  took  instead  to  disappearing  in  the  limestone  at  the 
several   "sinks,"  is  not  known. 

The  earliest  information  available  is  of  a  time  when  the 
Cove  itself  was  only  over-run  by  the  stream  on  rare  occasioiis 
during  exceptional  floods.  More  frequently  the  water  overflowed 
Comb  Scar,  but  sank  at  its  foot ;  whereas  now  it  fails  even  in 
a  flood  to  get  as  far  down  the  valley  as  Comb  Scar. 
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The  early  records  are  highly  interesting  as  showing,  not 
only  the  changes  that  have  occurred  in  the  surface  flow,  but  also 
that  the  facts  connected  with  the  underground  streams  were 
fairly  well   known  at  the  close  of  the  last  century. 

Thomas  Hurtley,  who  lived  at  Malham,  published  in  1786 
a  pamphlet  entitled  "  Natural  Curiosities  of  the  environs  of 
Malham-in-Craven,"  in  which  he  describes  the  Cove ;  and,  referring 
to  its  foot,  says  *'from  whence  issues  a  strong  current  of  water 
having  traversed  upwards  of  a  mile  from  the  Tarn  in  its  subter- 
ranean caverns."  He  also  speaks  of  cascades  from  the  top  after 
*' rainy  and  tempestuous  weather  when  the  water-sink  at  the 
southern  extremitv  of  the  Tarn  is  unable  to  receive  the  over- 
flow  of  the  Lake." 

The  liev.  Thomas  Dunham  Whitaker,  LL.D.,  F.S.A.,  who 
began  his  History  of  Craven  about  the  close  of  the  last  century 
and  published  it  in  1805,  says  that  "in  rainy  seasons  the  over- 
flowings of  the  lake  sprciad  themselves  over  the  shelving  surface 
of  the  rocks  below,  and,  precipitating  from  the  centre  of  the 
Cove,  form  a  tremendous  cataract  of  nearlv  300  feet.*'  He  savs 
that  the  inhabitants  of  Malham  "plt*ad"  that  the  waters  of  the 
Tarn  appear  at  Aire  Head,  and  further  that  "it  is  well  known 
that  a  collecticm  of  springs  rising  in  the  Hlack  Hills,  tin* 
Hensetts,  and  Withes  is  swallowed  up  in  a  field  cjilled  the 
Street,  and  from  the  turbid  ijuality  of  the  water,  very  unlike 
that  of  the  Tarn,  there  is  little  doul)t  that,  aft(?r  a  subterraneous 
course  of  more  than  two  miles,  this  is  the  stream  which  here 
emerges  again." 

Mr.  William  Howson,  in  his  "Guide  to  tin*  Distriet  of 
Craven,*'  published  in  1850,  says  that  "twice  within  the  last 
fortv  vears  the  swollen  waters  of  the  Tarn  have  made  tlieir 
way  over  the  Cove.*'  Referring  to  *Coml)  Scar  he  continues  : 
"In  a  flood  the  Tarn  water  not  unfre^uently  rushes  over  hero 
and   forms   a   second  Gordale,   but  it  is  commonly  prevented  from 

*  Mr.  Howsou  spcllfl  it  ** Coomb." 
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reaching  the  Cove  by  sinking  at  the  foot  of  this  pass  through 
the  shattered  and  fissured  stratum  with  singular  noise  and 
rapidity." 

From  these  records  it  is  evident  that  as  the  joints  in  the 
limestone  at  the  "sinks"  were  slowly  widened  by  the  solvent 
action  of  the  water  they  gradually  absorbed  the  stream,  until  it 
was  only  in  floods  that  the  water  reached  the  Cove.  As  the 
process  continued  the  stream  dwindled,  and  retreated  from  stage 
to  stage.  From  what  Mr.  Howson  says  of  the  flood-water  sink- 
ing at  the  foot  of  Comb  Scar  there  was  probably  a  pause  in  the 
retreat  there  of  some  duration.  Now,  however,  flood- water  no 
longer  reaches  Comb  Scar,  and  the  old  track  is  what  mid-Gordale 
(where  exactly  the  same  process  of  stream  absorption  is  now 
going  on)  will  one  day  become — a  dry  valley. 

With  respect  to  the  underground  streams  it  will  be  seen 
that  Hurtley  considered  the  Cove  outflow  was  supplied  from  the 
Tarn,  while  Dr.  Whitaker  ascribes  it  to  the  "  Smelt  Mill "  sinka 
The  Aire  Head  Springs  it  appears  were  known  by  the  villagers 
to  be  connected  with  the  Tarn  even  then,  and  one  wonden 
whether  they  had  arrived  at  that  conclusion  by  experiment  or 
mere  guesswork.  It  was  more  or  less  natural  to  assume  the 
Cove  to  be  the  outlet  for  both  the  old  surface  stream  from  the 
Tarn  and  the  Streets  water.  Where  else  could  they  come!  Bat 
the  same  process  of  reasoning  would  not  apply  to  the  Aire  Head 
Springs.  Anyhow  they  appear  to  have  known  at  the  close  of 
last  century  all  that  was  known  until  eighty  years  later  in  1879. 

Mr.  Morrison  says  there  is  a  tradition,  but  not  a  clew 
tradition,  that  Lord  Ribblesdale  put  chaff  in  at  Malham  Tarn 
Water  Sinks  and  that  it  came  out  at  Aire  Head. 

Farmers  and  others  have  made  attempts  from  time  to  time 
for  many  years  back  to  ascertain  what  the  facts  really  were  by 
inserting  chajff  and  similar  materials  at  the  sinks,  but  without 
result.  The  media  employed  were  never  seen  again  at  any  of 
the  presumed  outlets,  and  so  an  air  of  mystery  surrounded  the 
question  and  has  helped  to  keep  the  interest  alive. 
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It  is  worthy  of  record  that  some  forty  to  fifty  years  ago 
or  more,  when  ore  was  washed  in  the  mines  about  Pike  Daw, 
the  stream  issuing  from  the  Cove  was  discoloured.  The  writer 
lias    often   been  told  this  by  villagers  who  had  seen  it. 

In  1879  Mr.  Walter  Morrison,  the  late  Mr.  Tliomas  Tate, 
of  Lieeda,  and  other  members  of  the  York.shire  Geological  and 
Polytechnic  Society,*  made  certain  experiments  with  the  result 
that    they  concluded  that  Mai  ham   Cove  and  the  springs  at  Aire 

Head    were  both  connected  with   the   Malham   Tarn  water-sinks. 

Thev    further  concluded  that  the   Smelt    Mill   water-sinks  in   the 

Streets  on  Malham  Moor  were  not  connected  with  Malham  Cove, 

and  the  outlet  was  not  discovered. 

The  nature  of  these  experiments  may  be  more  fully  descrilxxl. 

Chaff  was  tried  at  the  Smelt  Mill,  and  both  chaff  and   brati  at 

the   Tarn   water-sinks,  but,  although    nets  wen?  set  in  the  outl<»t 

streams,  none  was  found  to  emerge.     This  is  not  to  be  wondered 

at,   as   a   preliminary   trial   of    bran   harl    shown    that    it    Ix^came 

"waterlogged  in  the  stream  within  forty  yards.     An  attempt   was 

made  also  at  the  Smelt   Mill   to  st^iin  tin*  stn^aiii   bv  iiitnMlucin;' 

an    aniline    dye    (magenta),    but  in   a   i>reliniinary   trial    ujKstn'ain 

all    colour    traces   disappeared    in    a    distance    of    scmti    or   eight 

yards.     These  several  insertions,  therefore,  produced  only  negative 

results. 

The  principal  experiments  were  in  ilusliing  the  streams  by 
means  of  the  sluice  at  Tarn   Foot. 

The  stream  flushed  at  4  p.m.  united  all  tlie  sinks  at  1.2"), 
and  ten  minutes  later  it  l)egan  to  overflow  the  sinks  and  to 
follow  the  old  stream  bed  towards  Comb  Sear.  A  few  minutes 
after  5   p.m.  this  overflow   was    150  yards  long. 

"At  5.25,  one  hour  and  twenty-five  minutes  after  leaving 
the    Tarn,   the    water   began    to   creep    over    the    half    submerged 


*  ProceeilingB  of  the  Yorkshire  Geological   and    Polytechnic    Society. 
N.S.,  Vol    Vn..  p.  177  (1879). 
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pebbles  at  Aire  Head."  Twenty-five  minutes  later  (5.50)  the 
stream,  4  feet  wide,  had  risen  at  its  junction  with  the  Aire 
4 J  inches;  later  in  the  evening  it  rose  to  nearly  a  foot. 

Up  to  5.45,  one  hour  and  forty-five  minutes  after  leaving 
the  Tarn,  there  was  no  change  at  Malhara  Cove,  but  on  return- 
ing after  dinner  (time  not  stated)  the  Cove  Stream,  31^  feet 
wide,  had  risen  two  inches. 

At  10  p.m.  the  Tarn  sluices  were  closed  again,  "all  but  an 
inch  or  so  to  keep  the  fish  down  stream  alive." 

Next  day,  at  1  p.m.,  the  sluices  were  opened  again.  Owing 
to  the  diminished  volume  of  the  stream  between  the  Tarn  and 
the  sinks  the  water  was  25  minutes  in  reaching  the  sinks, 
instead  of  18  as  on  the  previous  day.  The  Aire  Head  Spring 
was  affected  at  2.32,  being  1  hour  32  minutes  against 
1  hour  25  minutes  the  previous  day,  so  that,  allowing  for  the 
7  minutes  lost  before  the  water-sinks  were  reached,  the  results 
were  the  same  on  both  days  as  between  the  sinks  and 
Aire  Head.  By  5  p.m.  the  water  at  Aire  Head  had  risen 
13  inches. 

The  Cove  on  this  day  was  affected  at  3.10,  that  is  38 
minutes  after  Aire  Head.  "At  3.15  it  had  risen  J  inch;  at 
3.20  ^  inch;  at  3.35  1  inch;  at  4.5  2  inches;  at  4.45  2i  inches; 
and  by  5.30  the  stream  had  risen  2 J  inches,  its  outlet  being 
3U  feet  wide." 

On  the  third  day  "the  water  was  permitted  to  flow  freely 
from  the  Tarn  during  the  day,  and  the  high -water  level  was 
maintained  both  at  Malham  Cove  and  Aire  Head.  At  5  o'clock 
the  Tarn  sluices  were  closed  again  as  before." 

On  the  fourth  day  "the  streams  at  the  Cove  and  Aire 
Head  gradually  subsided,  and  by  noon  the  water  at  the  Cove 
stood  I  inch  below  its  normal  level.  At  5.45  p.m.  the  water 
in  the  Tarn  had  not  quite  risen  again  to  the  level  of  the  sill 
of  the  overflow,  so  that  this  sinking  of  the  outflow  at  the  Co\*e 
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and    A.ire    Head  confirms  the  experiment  of  the  rise  on  tlie  fir»t 
and    second    days." 

The  investigators  considered  the  connection  of  the  8melt 
Mill  ^with  the  Cove  "sufficiently  refuted  by  their  nnalyseH," 
since  'their  table  showed  the  hardness  of  the  water  at  the 
Cove  to  be  10*8  as  compared  with  131  at  the  Smelt  Mill, 
and  they  regarded  a  loss  of  2*3  in  hardness  in  jMissing  through 
a  mile  and  three  quarters  of  limestone  strata  impo8.sible,  In^sidos 
^which  **  the  volume  of  the  Smelt  Mill  Sike  was  not  a  twentieth 
that  of  the  Cove  Stream."  *  Tliey  thouglit  "  Pike  Daw  still  less 
likely  to  be  the  source  of  the  Cove  waters/'  but  to  proUibly 
drain    **to  a  lower  point  in  the  river." 

They  agreed  with  a  suggestion  of  Professor  Boyd  Dawkins* 
that  a  water-cave  of  greater  or  less  extent  probably  existt»d 
hehind    Malham  Cove. 

Before  these  experiments  Mr.  Leather,  C.E.,  had  tried  Hush- 
ing the  Tarn  stream  and  reported  his  results  to  Mr.  Tate.  He 
considered  his  experiments  "proved  conclusively  that  the  water 
flooring  out  at  the  foot  of  the  Cove  is  not  the  water  which  sinks 
into  the  ground  and  disapj)ears  some  distance  above  the  Cove. 
The   \vater  comes  out  at  Aire  Head." 

At  the  British  Association  Meeting  in  lSi>0,  at  Lee<ls, 
Profe8.sor  Sylvanus  Thompson,  F.R.S.,t  reported  having  intro- 
duced one  and  a  quarter  pounds  of  uranin  into  onr  of  tlif 
^Iiilliam  Tarn  Sinks,  but  without  anv  result  within  three  hours 
a.t  Aire  Head,  or  anything  distinctive  at  Malham  Cove,  an<l  he 
concluded  either  there  was  a  eonsiderabh;  body  of  water  at  some 
intermediate  spot  between  the  water-sink  and  the  Cove,  or  that 
the  Aire  Head  spring  communicated  with  some  other  water->ink 
than   that  marked  on  the  Ordnance  Survey  mai)s. 

In    the  handbook  prepareil   for   the   same    meeting,  Professor 
f^  C.  Miall,  F.R.S.,  savs  that  when  the  Tarn  waters  are  suddenlv 


*»-Cave  Hunting"  (1874). 

t  British  Association  Report,   1890. 
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discharged  the  floods  affect  both  Aire  Head  and  Malham  Cove; 
but  the  latter,  although  a  mile  and  a  quarter  nearer,  half  an 
hour  after  the  former.  He  says  that  the  passage  to  Aire  Head 
may  be  along  a  vertical  fissure,  and  that  to  the  Cove  for  part 
of  its  course  along  a  wide,  shallow,  and  almost  horizontal  fissure. 
If  so,  the  increased  friction  in  the  passage  to  the  Cove  may 
explain  the  retardation  of  the  water.  Professor  Miall  farther 
says  that  measurement  of  the  issuing  streams  shows  that  the 
Cove  discharges  more  than  half  of  the  water  which  issues  from 
the  Tarn. 

During  the  summer  of  1899  the  Yorkshire  Geological  and 
Polytechnic  Society  took  the  matter  up  again  at  the  instance  of 
Mr.  George  Bray,  of  Leeds,  who  generously  undertook  to  provide 
material  for  the  experiments.  This  came  about  in  a  somewhat 
remarkable  manner. 

At  Easter,  in  1899,  these  several  experiments  were  the 
subject  of  discussion  at  the  Cove  by  a  party  on  a  walking  tour 
including  the  writer  and  Mr.  F.  Swann,  B.Sc,  of  Ilkley.  Mr. 
Swann  suggested  that  the  employment  of  some  harmless  medium 
such  as  common  salt,  which  could  be  readily  detected  by  simple 
chemical  tests,  and  would  be  more  likely  to  meet  with  success. 
By  a  happy  and  curious  coincidence  this  party,  three  days  later, 
met  four  strangers  at  Clapham  who  were  discussing  the  under- 
ground waters  of  Gaping  Gill  Hole  and  Ingleborough.  The 
conversation  became  general  upon  the  subject  of  the  underground 
waters  of  North  West  Yorkshire,  and  one  of  the  strangers 
remarked  that  if  any  reputable  and  capable  Yorkshire  Society 
would  take  the  matter  up  he  would  be  glad  to  proWde  material 
for  the  experiments. 

One  of  the  walking  party,  happening  to  be  a  member  of 
the  Council  of  the  Yorkshire  Geological  and  Polytechnic  Society, 
said  that  if  the  gentleman  were  in  earnest  he  would  be 
glad  to  have  his  name  and  address.  These  were  promptly 
forthcoming,  and  out  of  this  chance  meeting  came  the  present 
investigations. 
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The  Council  of  the  Yorkshire  Geological  and  Polytechnic 
Society  accepted  this  generous  offer  on  the  part  of  Mr.  Dray 
(^wbo  has  taken  a  personal  and  active  interest  in  tiie  inquiry), 
and  appointed  a  large  and  representative  ConiinittiM'  to  conduct 
the    in  ves t igation h. 

Further  points  of  interest  and  in(|uiry  may  Ix'  static i,  sucii 
as  :  Whv  does  the  Tarn  water  flush  Malhani  Cove  sonietinios 
ancL  not  always  ?  Why  does  the  Tarn  \vat4T  roucli  Ain»  Il«»afi 
before  Malhain  Cove,  which  is  a  mile  and  a  <iuarti»r  ncart»r  ? 
Why  were  the  chemiciils  intnxluced  so  long  in  transit  ?  An? 
there    underground   caverns   between   the   sinks   and    the  outlets  ? 

II.       EnGI  SEEKING     REPORT. 
BY    C.    W.    FENXELL,    F.G.S.,    AND    J.    A.    BEAN,    C.E. 

■ 

In  reference  to  the  gau;^n^  of  tlie  flow  of  water  at  the 
streams  near  Malham  Tarn,  on  the  '2l'nd  June,  1899,  we  have 
carefully  considere<l  the  information  then  obtainivl,  and  have  to 
report   as  follows  : — 

On    the   17th  June   we  vi.site<l    Malhani,  and  aft<M*   very  con 
siderable  difticulty,  owini^    to  tlic    rocky  IxmI    of    tin*    streams,    we 
-w^ere    able   to  select    three   j>ositions  for  tlip  ^^au^rs  marked    1,   'J, 
and    3   on   the  annexed  sketch  j>lan.     (Plate   XIIj. 

Xo.   1    gauge  on   the   outlet   of   th<»   Malham   Tarn   sluicr. 
!yo.  2  on   Malham   IJeck,   al>ovi»   Malham   villaLTc. 
No.  3  on  the  stream   from  Aire   Head. 

We  were  thus  enabled  to  gauge  the  volume  of  water  going 
down  the  Malham  Tarn  Sinks,  and  the  increase  in  volume,  it 
any,  at  the  Cove  and  at  Aire  Hcrad.  We  also  gauged  the  water 
at  the  Smelt  Mill  Sink,  the  flow  Iwing  <'onslant  at  the  rate  kA 
19,800  gallons  per  day.  The  gaugings  at  the  outlets,  viz.,  the 
Cove  and  Aire  Head,  were  tak<Mi  every  15  minut<?s  from  7  a.m. 
until  5.45  p.m.,  and  the  observations  are  carefully  jilott^'d  on  the 
diagram  accompanying  this  report  (Plate  I.).  The  results  of  th<' 
three   gauges  may  be  readily  seen  on   reference  to  this  diagram. 
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The    time    chosen   was   particularly   favourable 
out  experiments  on  underground  water,  as  there  had 
cally    no    rainfall    for    the  previous   three   weeks, 
had  fallen  in  the  early  hours  of  the  22nd,  and  prol 
Aire    Head    at    10.15    a.m. ;    it    caused,    however,   a 
increase   in   the  yield.     This   increase   was   not   sho^ 
Malham    Beck.       Reference    to    the    diagram    (Plal 
that    the    effect    of    a    steady    flow    of    water    at 
nearly  700,000  gallons  a  day,  started  through  the 
Tarn    at    10.15    a.m.    and    allowed     to    continue    unl 
began    to    exhibit    itself    at    Aire    Head    at    12.15, 
steady    rise    until    2.45    when     the    first    supply    was 
by    the    much    greater    volume    of    water,    which 
from  the  Tarn  at   1   p.m.     During  the  whole  day,  as 
the    diagram,    the    gauging    at    Malham     Beck    near 
remained   constant.      The   great   flush  of  water  let  off 
Tarn    for   45   minutes  affected   the  Aire  Head  stream 
hours.     From   this  we  learn  that  the  stream  bed  and 
insufficient  to  deal  with   this  large  volume  of  water, 
was  backed  up.     No  doubt  if  the  flush  had  continued  foTJ 
period,  or   had    been   greater   in   volume,   the   strata   w< 
got  charged  with  water  to  such  a  height  as  to  cause  an 
into  the  Malham  Beck  through  some  fissures  or  over  soi 
ground  sill,  causing  it  to  rise  as  noticed  when  Mr.  Moi 
Mr.  Tate  experimented  in  1879. 

We    are    unable    to    give    any    information   as    to 
drained   by    the   tributaries   of   the   Aire   above   Kirkby 
without   further   water-gaugings,   which    should    be   taken 
period  of  many  weeks. 

The  following,  however,  may  be  arrived  at  from  the 
experiments,  viz.  : — That  the  area  drained  by  the  stream  at': 
Head   is  probably  •  distinct  from   the  area  drained   by  the 
from  Malham  Cove  or  Malham  Beck,  because  the  flow  at 
Beck   was   constant   the   whole   time   that   the   experiments 
carried   on ;    but   this   is   not   proven,  as   the   gaugings  were 
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The  time  chosen  was  particularly  favourable  for  carrying 
out  experiments  on  underground  water,  as  there  had  been  practi- 
cally no  rainfall  for  the  previous  three  weeks.  A  little  rain 
had  fallen  in  the  early  hours  of  the  22nd,  and  probably  affected 
Aire  Head  at  10.15  a.m. ;  it  caused,  however,  a  very  slight 
increase  in  the  yield.  This  increase  was  not  shown  at  all  in 
Malham  Beck.  Reference  to  the  diagram  (Plat«  I.)  shows 
that  the  effect  of  a  steady  flow  of  water  at  the  rate  of 
nearly  700,000  gallons  a  day,  started  through  the  sluice  at  the 
Tarn  at  10.15  a.m.  and  allowed  to  continue  until  1  p.m., 
began  to  exhibit  itself  at  Aire  Head  at  12.15,  showing  a 
steady  rise  until  2.45  when  the  first  supply  was  overtaken 
by  the  much  greater  volume  of  water,  which  was  let  off* 
from  the  Tarn  at  1  p.m.  During  the  whole  day,  as  shown  on 
the  diagram,  the  gauging  at  Malham  Beck  near  tlie  Cove 
remained  constant.  The  great  flush  of  water  let  off  from  the 
Tarn  for  45  minutes  affected  the  Aire  Head  stream  for  three 
hours.  From  this  we  learn  that  the  stream  bed  and  outlet  were 
insufficient  to  deal  with  this  large  volume  of  water,  and  that  it 
was  backed  up.  No  doubt  if  the  flush  had  continued  for  a  longer 
period,  or  had  been  greater  in  volume,  the  strata  would  have 
got  charged  with  water  to  such  a  height  as  to  cause  an  overflow 
into  the  Malham  Beck  through  some  fissures  or  over  some  under- 
ground sill,  causing  it  to  rise  as  noticed  when  Mr.  Morrison  and 
Mr.  Tate  experimented  in  1879. 

We  are  unable  to  give  any  information  as  to  the  area 
drained  by  the  tributaries  of  the  Aire  above  Kirkby  Malham 
without  further  water-gaugings,  which  should  be  taken  over  a 
period  of  many  weeks. 

The  following,  however,  may  be  arrived  at  from  the  ab<jve 
experiments,  viz. : — That  the  area  drained  by  the  stream  at  Aire 
Head  is  probably  distinct  from  the  area  drained  by  the  stream 
from  Malham  Cove  or  Malham  Beck,  because  the  flow  at  Malham 
Beck  was  constant  the  whole  time  that  the  experiments  were 
carried   on ;    but   this   is   not   proven,  as   the   gaugings  were    not 
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continued  for  a  sufficiently  long  period  to  show  whether  the  flow 
from  Malham  Tarn  had  been  drained  by  various  fissures,  joints, 
and  faults  towards  Malham  Beck  as  well  as  Aire  Head.  Also 
that  the  area  through  which  the  Malham  Tarn  water  flows  is 
capable  of  storing,  probably  in  cracks  and  fissures,  a  large  volume 
of  water.  The  total  area  drained  by  Malham  Beck  and  Aire 
Head  at  the  junction  with  Goredale  Beck  is  approximately  6,000 
acres. 

In  our  opinion  very  little  definite  information  can  be 
gathered  from  experiments  carried  on  during  a  few  hours,  there- 
fore should  the  Committee  desire  to  continue  them  in  order  to 
ascertain  the  movement  of  underground  water  below  the  sink 
holes  at  Malham  Tarn  (which  it  will  be  noticed  are  closely 
connected  with  the  North  Craven  Fault),  we  consider  that  it 
will  be  necessary  to  adopt  a  more  elaborate  plan  and  have 
gauges  fixed  not  on]}'  in  the  positions  above  mentioned  but  on 
Gordale  Beck  and  other  smaller  streams  in  the  district,  and  to 
continue  the  gaugings  over  a  long  period  of  time.  It  would  Ik» 
necessary  also  to  watch  the  streams  along  the  line  of  the  North 
and  South  Craven  Faults  to  see  whether  the  experiments  affect 
them  in  any  way. 


III.     Report  of  the  Chemical  Sub-committep:. 

BY    F.    W.    BRANSON,    F.I.C.,    AND     W.    ACKROYD,    F.I.C. 

Sul>-Committee  meetings  were  held  at  Malham  on  the*26tii 
and  27th  of  May  ;  on  the  evening  of  tlie  26th,  at  Lister's  Arms. 
There  were  present :  Messrs.  Ackroyd,  Bingley,  Bray,  Branson, 
and  Swann.  The  prospecting  work  for  the  following  day  was 
arranged,  and  it  was  resolved,  on  going  over  the  ground,  t6 
take  samples  of  water  for  the  determinatitni  of  the  chlorine 
figures  to  be  used  as  data  in  future  salt  experiments,  and  to 
make  a  preliminary  trial  of  an  alcoholic  solution  of  fluorescein 
as  an  agent  for  tracing  the  flow  of  underground   waters. 
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On   the    27th,    the   Sub-Committee   visited   the  "Water  Sinks 
below  the  Tarn,  and  the  Smelt  Mill  Water  Sink. 

The  samples   collected   gave   the   following   figares   on   subse- 
quent  analysis: — 

Chlorine. 
Parte  per  100,000. 

Smelt  Mill  Stream  ...  ...  ...  1*1 

Malham  Tarn,  outlet  ...  ...  ...  1-0 

Malham  Cove           ...  ...  ...  ...  0*95 

Aire  Head    ...          ...  ...  ...  ...  1*0 


Average  ...  ...  1*01 

One  part  of  chlorine  represents   1*647   parts  of  common  salt 

As  a  trial  experiment  a  solution  of  4  oz.  of  fluorescein 
was  put  in  the  Water  Sink  below  the  Tarn  outlet  at  3.15  p.m. 
and  observers  were  stationed  at  the  Cove  and  at  Aire  Head  for 
several  hours  after.  No  evidence  of  the  presence  of  fluorescein 
was  obtained  at  either  of  these  outlets  up  to  the  evening  of 
the  27th  of  May. 

At  a  meeting  of  the  Chemical  Tests  Sub-Committee,  held  in 
Leeds  on  June  9th,  present  Messrs.  F.  W.  Branson,  G.  Bray,  and 
B.  A.  Burrell,  it  was  decided  to  use  salt  at  the  Smelt  Mill  Water 
Sink,  ammonium  sulphate  at  the  Tarn  Water  Sinks,  and  fluor- 
escein dissolved  in  10  %  aqueous  potassium  carbonate  at  Tranlimds 
Beck,  these  chemicals  being  all  discernible  in  minute  proportions 
in  the  presence  of  each  other,  and  being  also  comparatively 
innocuous   to   li.sh    or   cattle. 

i'o  the  second  Committee  Meeting,  held  at  Malham,  a  general 
invitation  to  members  of  the  Society  was  issued  to  proceed  with 
the  work  under  the  guidance  of  Messrs.  Wm.  Ackroyd,  F.I.C., 
and  F.  W.  Branson,  F.I.C.  The  members  met  on  June  21st  at 
the  Buck  Hotel,  and  after  dinner  a  meeting  was  held,  at  which 
the  next  day's  work  was  planned,  Mr.  Walter  Morrison,  M.P., 
occupying  tlie  chair.  There  were  present : — Messrs.  W.  Ackroyd, 
G.  Bingley,  F.  W.  Branson,  G.  Bray,  B.  A.  Burrell,  F.I.C,  S.  W. 
Cuttriss,  C.  W.  Fennell,  Rev.  J.  Hawell,  R.  M.  Kerr,  W.  Stewart, 
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'.  Swann,  B.Sc,  and  G.  White.     Messrs.  Carter  and  Kendall  were 
Iso  present  during  the  investigations  of  the  following  day. 

The  general  plan  of  work  resolved  on  was  as  follows: — 
(1.)     To  sample  IVIalham  water  the  same  evening  so  that  the 

ilorine  figures  obtained  could  be  compared  with  those  of   May 

7  th,  and  on  the  morrow  : 

(2.)  To  continue  the  gaugings  of  water  already  commenced 
y  Messrs.  Fennell,  Bean,  Cuttriss,  and  Stewart. 

(3.)     To  put  salt  into  the  Smelt  Mill  Water  Sink  at  5  a.m. 

(4.)  To  put  ammonium  sulphate  into  the  stream  below  the 
am  outlet  at  about  10  a.m. 

(5.)  To  examine  the  outlets  at  the  Cove  and  Aire  Head 
>r  the  chemicals  introduced  in  the  morning,  and 

(6.)  To  carry  on  the  necessary  quantitative  and  qualitative 
nalyses  required  at  the  temporary  lalx)ratory  in  the  Buck  Hotel. 

These  various  duties  were  undertaken  and  carried  out  by  the 
lembers  as  follows : — Mr.  Bray  superintended  the  putting  in  of 
lie  salt  at  the  Smelt  Mill  Water  Sink,  Mr.  Kerr  saw  the  stream 
elow  the  Tarn  outlet  charged  with  ammonium  sulpliate.  At 
0.  a.m.  the  sluice  at  the  Tarn  was  partially  drawn  so  as  to 
How  of  a  flow  of  water  at  the  rate  of  09,500  i^allons  per 
4  hours.  This  rate  of  flow  was  maintained  until  1  j).ni.,  when 
much  larger  volume  (not  gauged)  was  st'nt  down  ;  the  sluice 
'as  closed  al>out  2  p.m. 

Messrs.  Bingley  and  Hawell  took  their  posts  by  the  Cove 
hroughout  the  day,  dividing  their  attention  between  testing  for 
xcess  of  chlorine,  presence  of  ammonium  sulj)hate,  and  n^gister- 
ng  the  height  of  the  water  at  the  gauge :  similar  duties  were 
erformed  bv  Messrs.  Branson  and  Cuttriss  at  Aire  Head,  and 
rom  both  these  places  samples  were  despatched  by  niess<»ngers 
very  half  hour  to  the  Buck  Hotel,  where  they  were  tested 
uantitatively  by  Messrs.  Ackroyd,   Burrell,  and   Swann. 

The  chlorine  figure  of  the  sample  taken  the  previous  evening 
1  Malham  village  was  found  to  Ije  11,  only  a  small  variation 
X)m  the  results  obtained  on  May  27th. 
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The  samples  received  at  the  Buck  Hotel  throughout  the 
22nd  of  June  remained  normal.  This  appeared  very  remarkable 
and  gave  rise  to  several  hjrpotheses  which  were  subsequently 
discarded  as  the  work  progressed.  The  water  at  Aire  Head 
increased  in  volume,  as  was  anticipated  from  Messrs.  Morrison 
and  Tate's  experiments  in  1879,*  about  two  hours  after  the  sluice 
at  the  Tarn  had  been  raised,  but  no  rise  of  water  occurreil  at 
the  Cove  on  this  occasion,  nor  did  the  chemicals  appear  at  either 
outlet.  The  collection  of  samples  was  therefore  continued  until 
August  2nd,  and  the  necessary  analyses  were  performed  ])y 
Messrs.  Ackroyd,   Branson,   Burrell,  and  Swan. 

Salt. 

In  the  search  for  excess  of  salt   in  the  samples  sent    from 
Malham,  June  22nd  to   August   2nd,  the   following   quantitative 
estimations  of  chlorine  were  made  : — 

Malham  Cove      ...          ...          ...          ...          ...  64 

Aire  Head           ...          ...                      ...          ...  45 

Gordale  Beck      ...          ...          ...          ...          ...  42 

Scale  cm  Spring  and  Mill      40 

Hanlith  Bridge  ...          ...          ...          ...          ...  7 

198 

To  present  the  bearing  of  these  analyses  at  a  glance,  the  chlorine 
estimations  are  plotted  as  a  curve  in  the  accompanying  diagram 
(Plate  II.),  and  in  constructing  the  curve  the  average  is  use<l 
where  there  are  many  observations  on  one  date. 

On  June  22nd  one  ton  of  salt  was  put  into  the  Smelt  Mill 
Water  Sink,  one  ton  more  was  put  in  on  the  23rd  and  also 
a  third  ton  on  the  24th;  up  to  July  2nd  little  or  no  alteration 
had  been  observed  in  the  Cove,  but  on  the  4th  the  chlorine 
figure  rose  to  6*05  per  100,000,  and  after  that  it  gradually  fell 
to  normal  on  the  13th  and   14th.     Tlie  connection  bet>veen  the 


Proc.  Yorks.  Geol.  and  Polytec.  Soc,  1879. 
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melt  Mill  Water  Sink  and   the  Malham  Cove  outlet  is   there- 
*re  abundantly  demonstrated. 

The  suddenness  of  the  rise  in  combined  chlorine  suggests 
»mething  of  the  nature  of  a  flushing  out  of  underground 
lannels,  and  it  was  therefore  decided  to  compare  these  rt  suits 
ith   the  rainfall. 

Mr.  Morrison  has  kindly  supplied  the  record  of  the  Malham 
linfall  over  the  period  covered  by  the  experiments,  these  results 
•e  plotted  in  the  diagram  (Plate  II.)  from  which  it  will  be  seen 
lat  heavy  rainfall  shortly  preceded  the  maximum  chlorine 
Dservations.  No  sample  of  water  appears  to  have  been  taken  on 
le  3rd  of  July,  so  that  we  are  not  in  a  position  to  say  that 
le  chlorine  figure  on  this  day  was  not  higher  even  than  on  the 
;h.     The  conditions  preceding  the  rainfall  were  briefly  these : — 

On  the  22nd  of  the  month  19,800  gallons  of  water  per 
iy  were  sinking  at  the  Smelt  Mill  Water  Sink  (Plate  III.), 
\  carefully  gauged  by  Mr.  Fennell.  After  this  date  the  water 
nking  would  be  a  diminishing  quantity  as  there  was  no  rainfall 
5  to  the  27th,  then  there  is  a  temporary  rise  in  the  rainfall 
irve  and  a  further  and  larger  nse  on  the  30tli  of  June  and 
le  1st  of  July.  The  waters  of  Aire  Head,  Scale  Gill  Spring, 
id  Gordale  Beck  remained  normal  throu^^hout  the  entire  series 
observations,  showing  that  the  Smelt  Mill  Water  Sink  under 
le  conditions  investigated  is  not  connected  with  any  of  the 
st  three  outlets. 


Ammonium   Sulphate. 

The  search  for  the  ammonium  sulphate  put    into  the  Water 

nk  below  the  Tarn  outlet  (Plate  V.)  was  (lualitative,  being  the 

uple   addition  of    Nessler's    reagent.     Very   decided    or   marked 

suits  were  looked   for,  and  such  results  were  obtained  with  the 

iter  from  Aire  Head  from  July  4th   to  11th.      Distinct  traces 

the   presence  of  the  ammonium  compound  were   also   present 

the  Cove  water  on  Julv  4th,  and  for  a  week  after. 

c 


18       the  underground  waters  of  north-west  yorkshire. 

Fluorescein. 

On  the  22nd  June  an  aqueous  potassium  carbonate  solutioD  of 
fluorescein  was  put  into  the  Tranlands  Beck,  S.S.W.  of  Malham, 
and  it  showed  itself  early  on  the  following  morning  half  a  mile 
away  at  Scale  Gill  Spring.  It  was  also  evident  in  the  samples 
of  wator  colh»cte<l  at  Hanlith  Bridge  on  this  date,  the  river  Airt? 
being  coloured  to  a  point  three  miles  away.  It  was,  therefore, 
with  considerable  confidence  that  fluorescein  was  put  into  the 
Smelt  Mill  Water  Sink  on  the  24th  June.  Having  failed  to 
make  its  appearance  at  any  of  the  outlets,  a  further  solution  of 
1  lb.  of  fluorescein  was  emptied  into  this  Water  Sink  on  the 
27th,  and  2  lbs.  more  on  the  28th,  but  not  until  the  evening 
of  July  4th  (the  date  of  the  chlorine  maximum)  did  the  fluor- 
escein show  itself  at  the  Cove.  It  had  become  less  marked  on 
the  8tli,  and  was  somewhat  uncertain  in  samples  obtained  on 
the  10th.  Mr.  Swann,  who  saw  the  waters  of  the  Cove  on  the 
6th,  describes  the  fluorescence  as  "most  profound  and  intense.*' 
The  samples  received  by  the  analysts  also  gave  results  in  the 
search  for  fluorescein  which  accorded  with  Mr.  Swann's  ob6er\'a- 
tions,  that  is  :  the  presence  of  the  compound  at  Malham  Cove 
on  the  dates  mentioned,  and  its  absence  at  Aire  Head.  It 
may  be  added  that  the  Sub-Committee  find  that  one  part  of 
fluorescein  in  40  million  parts  of  water  may  be  readily  detected 

On  August  26th  a  new  set  of  experiments  was  commenced 
on  the  same  lines  as  before,  viz.,  the  simultaneous  use  of 
ammonium  sulphate,  salt,  and  fluorescein.  A  solution  of  li  lb. 
fluorescein  wjus  emptied  into  the  bottom  of  Grey  Gill  Cave  and 
washed  down  by  a  copious  supply  of  water.  This  operation  was 
a  work  of  some  difticulty  and  danger :  a  wat^r  barrel  had  to  be 
placed  in  the  middle  of  a  slippery  hill  side,  whence  the  water  was 
piped  over  the  rock  into  the  cave,  and  this  l^arrel  was  supplied 
by  piping  from  the  hill  top.  Seven  hundrefl weight  of  ammonium 
sulphate  was  emptied  into  Upper  Gordale  Beck  by  the  foot- 
bridge, and  18  cwt.  of  salt  was  subsequently  emptied  into  tlie 
"burst"  on  the  side  of  Cawden.     From  the  26th  of  August  tt» 
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end    of    October     168    samples    of    water    were    taken    at 
ous    points    in    the    search    for    these    compounds,    involving 
quantitative    estimations    of    chlorine    and     336     qualitative 
Tvations   for   the   fluorescein    and    ammonium  sulphate.      No 
ence  of    the  fluorescein    has    been    observed.      The   ammonia 
m  to  be  excessive  in  amount  at  New  Laithe  Bridge  on  the 
of    September.       The   chlorine   figures  of   the   samples   from 
e's  Barn,  Gill  Flats,  had  risen  from  the  normal  unit  to  11*1 
the   23rd    of   September,  and    on    subsequent    dates   were   as 
»ws: — September  24th,  12*5;  September  25th,  12*8;  September 
1,   7*6 ;   September   27th,   2*9,  and   on   the   28th   the   chlorine 
fallen  to  normal  (Plate  IV.).      It   is   noteworthy  here  that 
rising     chlorine     was     shortly     preceded     by     heavy     rain- 
as    was    the    previous    experience    in     the    Malham    Cove 
jrvations.      These    results    appear    to    be   confirmatory  of  the 
imittee's    hypothesis    as    to    the    course    of    the    underground 
ers   in   this  particular  area   of   the   Malham   district.      There 
3    present   at    Malham    on    August    26th : — Messrs.    Ackroyd, 
^ley,    Branson,    Howarth,    and    Kendall.      The    analyses   were 
lequently  made  by  Messrs.  Ackroyd,  Branson,  and  Burrell. 


List  of  Chemicals  Used,  and  Results. 


24     / 

24,1 

28     / 

22  ... 
26  ... 

26  ... 
18... 


13  cwt.  ammonium 
sulphate. 


3  tons  of  salt. 

3  lbs.  of  fluor- 
escein. 

1  lb.  of  fluorescein. 


J 


7   cwt.   ammonium 
sulphate. 

1^  lbs.  fluorescein. 


18  cwt.  salt. 


Malham  Tarn  Beck, 
below  sluice,  lU  a.m. 


Smelt    Mill   Water 
Sink. 

Tranlands  I^ck. 


Upper Gordale  Beck, 
by  foot  bridge. 

Grev  Gill  Cave. 


Cawden  "Burst." 


Showed  at  Aire  Head 
and  Malham  Cove, 
July  4th  to  11th. 

I  ( Showed  at  Malham 
-      Cove,  July  4th  to 

[    nth. 

Showed  at  Scalegill 
Mill,  June  23r(T. 

Showed  at  Springs 
below  (iordale 
Scar,  Sept.  7th. 

I  No    results    up    to 
t      October  31  at. 

First  noticed  at 
Mire's  Bam,  Gill 
Flats,  Sept.  23rd 
to  Sept.  27th. 


a 
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Summary  of  Analyses  made  during  the  iNVEsnaATiON. 


At  the  Buck  Hotel,  June  22nd... 


Up  to  Aug.  2nd 


Aug.  6th  to  Oct.  Slst. 


Malham  Cove  and  Beck 

Gordale  Beck 

Aire  Head        

Hanlith  Bridge 

Scale  Gill  Spring  and  Mill 
Gordale  Bock  Springs 
New  Laithe  Bridge    ... 
Cow  Gill,  Scale  Gill  Mill 
Aire  Head,  Malham  Beck 
Mire's  Bam      


Total  Analyses  ... 


QvantitaftivvJ  QaaUtotmi 


68 

1       02 

64 

109 

42 

84 

45 

:i 

7 

1      u 

40 

'        80 

1 


83 


336 


340 


766 


1105 


The  conclusions  to  be  drawn  may  be  summarised  as  follows:— 

(1.)  Tlie  unexpected  delay  in  the  appearance  of  the  chemicals 
at  the  outlets  has  been  due  to  a  quiescent  waterflow,  uA 
their  appearance  has  usually  succeeded  a  comparatively  bean 
rainfall. 

.   (*2.)     Under  conditions  of  summer  flow  such  as  prevailed  on 
June   •22nd : — 

(a)  The  water  descending  at  the  Smelt  Mill  Sink 
emerges  at  Malham  Cove  and  not  at  Aire  Head,  Gofdale 
Beck,  or  Scale  Gill  Spring. 

(b)  The  Sinks  below  Malham  Tarn  are  connected  with 
Aire  Head  and  not  with  Gordale  Beck;  and  under  certain 
conditions,  as  detailed  in  the  report,  some  of  the  ammonioic 
sulphate  put  in  at  the  Tarn  Sinks  emerges  at  the  Cove. 

(3.)  The  Tranlands  Beck  Water  Sink  is  connected  ^itli 
Scale  Gill   Spring  and  not  with  ^Vire   Head. 

(4.)  The  Gordale  Beck  dunug  the  very  exceptional  droughr 
of  the  present  year  (1899)  disappeared  in  the  stream  bed  abisit 
a  quarter  of  a  mile  abov(^  the  Scar  Waterfall  and  reappeared 
at  the  springs  between  Gordale  Waterfall  and  Laithe  Bridge. 
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Summary  of  Analyses  made  during  the  Investigation. 


At  the  Buck  Hotel,  June  22nd... 


Up  to  Aug.  2nd 


Aug.  6th  to  Oct.  3l8t. 


Malham  Ck>ve  and  Beck 

Gordale  Beck 

Aire  Head        

Hanlith  Bridge 

Scale  Gill  Spring  and  Mill 
Gordale  Beck  Springs 
New  Laithe  Bridge     ... 
Ck>w  GiU,  Scale  Gill  Mill 
Aire  Head,  Malham  Beck 
Mire's  Bam      


Total  Analyses  ... 


The  conclusions  to  be  drawn  may  be  summarised  as  follows:— 

(1.)  The  unexpected  delay  in  the  appearance  of  the  chemicals 
at  the  outlets  has  been  due  to  a  quiescent  waterflow,  and 
their  appearance  has  usually  succeeded  a  comparatively  heavy 
rainfall. 

.   (2.)     Under  conditions  of  summer  flow  such  as  prevailed  on 
June   22nd  : — 

(a)  The  water  descending  at  the  Smelt  Mill  Sink 
emerges  at  Malham  Cove  and  not  at  Aire  Head,  Gordale 
Beck,  or  Scale  Gill  Spring. 

(b)  The  Sinks  below  Malham  Tarn  are  connected  with 
Aire  Head  and  not  with  Gordale  Beck;  and  under  certain 
conditions,  as  detailed  in  the  report,  some  of  the  ammoniam 
sulphate  put  in  at  the  Tarn  Sinks  emerges  at  the  Cove. 

(3.)  The  Tranlands  Beck  Water  Sink  is  connected  wirt 
Scale  Gill  Spring  and   not  with   ^Vire   Head. 

(4.)  Tlie  Gordale  Beck  during  the  very  exceptional  drought 
of  the  present  year  (1899)  distippeared  in  the  stream  bed  about 
a  quarter  of  a  mile  above  the  Scar  Waterfall  and  reappeami 
at  the  springs  between  Gordale  Waterfall  and  Laithe  Bridge. 


.A  I  ;>, 
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(5.)     A  solution  of  salt  poured   in  Cawden  "Water  Burst" 
^appeared  at  Mire's  Barn  Spring. 

(6.)     The   fluorescein   solution   put   into   Grey  Gill   Cave  on 
.ugust  26th  had  not  been  observed  up  to  October  Slst. 

Hegister  of  Hainfall  at  Malham  Tarn. 

by  thos.  coulthard. 

From  July  14th  to  October  Slst,  1899. 


tf 

m 

•ct. 

Date.                                     July. 

Aug. 

Sept. 

in. 

in. 

in. 

in. 

•54 

1 

■■•                     •■•                     •• 

*                                                  • 

•                                           •  • 
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>                                                 • 

•                                           •  • 
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• 
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14 
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15 
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16 

V 

17 

J 

•80 
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18 

•41 

fi 

•54 

19 
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■     -03 

•64 
09 

20 

•30 

1-05 

21 

22 

•14 

— 

•24 

~" 

23 
24 
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•48 
•3,> 
•43 

•21 

25 
26 
27 

28 

•44       ••• 
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•37 
•26 
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•06 
•01 

•2.3 
•14 
•24 

29 
30 

~-  -^                 « •  • 
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IV.     Report  of  the  Geological  Sub-Committee. 

BY    PERCY    F.    KENDALL,    F.G.S.  ;    J.    H.    HOWARTH,    F.G.8.  ; 

and  w.  lower  carter,  m.a.,  f.g.s. 
Geological  Structure  of  the  District. 

Jhe  Carboniferous   rocks  exposed   in   the  area    present   the 
^""V^ng   vertical   succession,   according  to  Tiddeman :— 


Sod 


OR  BOWLAND    ' 
YPK.  ' 


Feet. 


Feet. 


I  North  BKic  or 
j  TVPB. 


its.. 


Millstoni 
Bowland 
Pendleside 

Pendleside  LK, 
(with  KnollX?"® 

Shales  with  Lii 

Clitheroe  Limes 
(with  Knoll-Ree^ 


me 


3,900 
300-1,000    I  £ 

0-250      )   > 

0-400 
2,500 

'  No  base.        ;=     , 


Millstone  Grits. 


I 


-    «3 

)   2 


400-900  1  Yoredale 


400-800     The    CarboniferoM 
{      Limestone  (with  oon* 
slomerates     at    tte 
base). 


On  the  northeV/^p^l^PQ^,)  side  of  the  North  Craven  Eanl 
the   Carboniferous   B^^tone   is   seen   to   rest  upon  the  Siluriaa- 
Slates  and  Grits.     ThL^^j^t  paper  of  Mr.  Marr  (Quar.   Joon. 
Geol.  Soc,  Vol.    LV.,  \327\   offers   a   correlation   of   the   hedi; 
differing  somewhat  froniVij^    ])ut  for   the  present   purposes  tfavl^ 
classification  offered  aboveVay  ^  accepted. 

The  general  dip  of  the  Vj^jj  jjj  to  the  northward,  but  thw^ 
are  minor  undulations  whic\  ^rjii  be  mentioned.  Restrictiiig 
attention  to  a  tract  of  county  about  two  miles  from  east  to 
west,  by  four  miles  from  nortlWo  south,  and  having  MalhamJ 
approximately  as  its  centre,  we  \x(\  three  regions  separated  bj 
the  northern  and  middle  branchesNpf  the  Craven  Faults.  The 
northern  area  consists  of  the  white\imestone8  of  the  lower  part 
of  the  Carboniferous  series  resting  upo^  Silurian  Slates  and  Grits 
which  form  a  narrow  outcrop  down  tc  the  northern  fault.  The 
median  belt  consists  wholly  of  the  Garloniferous  Limestone  and 
forms  a  high  plateau,  cut  oft*  on  the  sonh  by  a  great  indented 
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carpment  falling  to  the  line  of  the  middle  fault.  The  southern 
ea  consists  of  sharply  undulating  Bowland  Shales,  through 
iiich  appears,  in  two  outcrops,  the  Pendleside  Limestone,  with 
e  characteristic  knoll-reefs  of  Tiddeman.  In  the  northern 
'It  there  originate  three  streams  which  have  been  the  subjects 
investigation.  They  suffer  total  or  partial  absorption  upon 
it^ring  the  median  zone  of  strongly-jointed  limestone,  and  the 
iter  is  given  out  in  three  principal  springs,  two  of  which,  at 
alham  Cove  and  Gordale  respectively,  come  out  at  the  foot  of 
e  great  escarpment,  while  the  third,  Aire  Head,  emerges  at  the 
uthern  edge  of  a  synclinal  fold  of  the  Bowland  Shales. 

Summary  of   Results. 

It  may  be  convenient  to  briefly  relate  the  results  obtained 
Dm  the  investigations  of  the  Cliemical  and  Engineering  Sub- 
orn mi  ttees,  and  those  previously  recorded  by  Mr.  Tate. 

A.     Chemical. 

1.  Reagents  introduced  into  the  Smelt  ^fill  Sink  have 
•en  traced  nowhere  except  at  the  Cove. 

2.  The  ammonium  sulphate  supplied  to  the  Tarn  effluent 
ream  in  June,  1899,  though  almost  exclusively  discharged  by 
e   Aire  Head  Springs,  yet   was   traceable   in    minute    quantities 

the  water  flowing  from   Malhani  Cove  on  July  4th   to   11th. 

(It  is  important  to  note  that  it  synehroni-sed  exactly  with 
e  discharge  of  the  same   reagent  at  Aire   Head.) 

3.  The  ammonium  sulphate  placed  in  (Jordale  Beck 
appeared  in  the  springs  at  the  foot  of  Gordale  Scar,  and 
•where   else. 

4.  The  fluorescein  poured  into  the  bottom  of  Grey  Gill 
ive   has  not   been  traced. 

5.  The  salt  introduced  into  Cawden  Burst  came  out  at 
ire*s   Barn  Spring  about  a  quarter  of  a  mile  to  the  southward- 
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B.     Engineering. 

1.  Messrs.  Morrison  and  Tate's  experiments  show  that  at  that 
time  (the  middle  of  May,  1879)  a  large  flush  o£  water  from 
the  Tarn  produced  a  responsive  flow  from  Aire  Head  Springs  in 
one  hour  and  twenty-five  minutes,  and  that  the  outlet  from  the 
Cove  was  aflected  38  minutes  later,  although  so  much  nearer 
the   source   of   supply. 

2.  The  experiments  in  June,  1899,  when  flushes  were  vnt 
down  from  Malham  Tarn,  proved  that  under  the  eondiiion$  Cftoi 
prevailing,  the  Aire  Head  Springs  responded  in  two  honn,  bit 
the  discharge  from  Malham  Cove  was  not  affected  by  even  Ife 
smallest  measurable  quantity. 

On  August  7th,  1899,  a  large  volume  of  water  was  JSift 
down  from  Malham  Tarn,  at  the  request  of  Mr.  CattriM^  Ind 
produced  a  rise  in  the  Cove  stream  of  two  inches  at  ^^Himi 
Bridge. 

On  August  26th  another  large  flush  was  sent  down,  and 
the  Cove  stream  again  rose  not  less  than  two  inches  at  Malham 
Bridtje. 

These  varying  results  have  a  special  significance  when 
considered  in  conjunction  with  the  appearance  at  Malham  Gove 
of  minute  quantities  of  the  ammonium  sulphate  put  into  the 
Malham  Tarn  stream  in  June,  1899. 

3.  The  Smelt  Mill  stream  in  June,  1899,  only  contribntod 
19,800  gallons  of  the  half  million  gallons  flowing  out  at  Mi^ttmin 
Cove,  i.e.,  not  more  than  four  per  cent. 

The  Geological  Problems. 

The  problems  which  these  data  set  before  the  Gtoolpgkil 
Sub-Conmiittee  for  solution  are  the  following: — 

1.  The  determination  of  the  route  taken  by  each  undflr- 
ground  flow.  We  regard  the  use  of  the  word  "stream"  to 
describe  the^e  movements  as  inaccurate,  since  it  suggests  the  idea 
of  a  definite  channel  rather  than  a  diffuse  flow  through  many 
fissures  large  and  small. 


'^■?^: 


^^^r 
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2.  The  cause  of  the  adoption  of  the  several  routes. 

3.  The  conditions  of  underground  flow  of  water,  with  special 
jreference  to  the  retention  of  reagents  for  long  periods,  and  the 
a.pparently  capricious  effects  of  the  Tarn  flushes  upon  the  outflow 
a.t  Malham  Cove. 

4.  The  nature  of  the  underground  spaces  in  which  the 
^^^ater  is  contained  during  its  transmission. 

The  second  is  the  main  problem,  viz. :  What  is  the  cause 
'iwrhich  has  determined  the  route  taken  by  each  flow  after  its 
absorption  through  the  swallow-holes?  In  dealing  with  this,  the 
other   points   named  will   receive   some   explanation. 

The  history  of  the  early  speculations  upon  this  subject  has 
shown  how  prone  observers  have  been  to  assume  that,  where  a 
dry  valley,  obviously  the  result  of  stream  erosion,  connects  a  sink 
^with  the  place  of  emergence  of  a  stream,  the  flow  will  follow 
"the  same  general  course  under  ground  that  it  used  to  do  above. 
This  very  natural  assumption  has  been  made  in  the  case  of  the 
Tarn  Water  Sinks  and  Malham  Cove.  It  seemed  in  some 
measure  supported  by  Messrs.  Morrison  and  Tate's  expcM-iments, 
'when  all  the  Tarn  flushes  affected  botli  Aire  Head  and  ^lalliain 
Cove.  Moreover  it  seemed  difficult  at  one  time  to  account  on 
any   other  hypothesis  for   two  circumstances : — 

1.  That  the  water  issuing  at  Aire  Head  had  cronsed  the 
track  of  the  Cove  stream  unless  tlie  two  stream  courses  were 
coincident. 

2.  That  the  Cove  stream  enormous! v  exceeded  in  \'oluiiie 
the  Smelt  Mill  stream,  which  was  not  large  enough  to  account 
for  the  former,  as  suggested  by  Dr.  Wliitaker  and  local  tradition  : 
besides  which  the  hardness  of  the  Cove  water  was  /<">>•  than  that 
of  the  Smelt  Mill,  notwithstanding  the  limestone  strata  lx?tween. 

The  experiments  of  the  Committee,  however,  have  shown 
that  (at  least  in  June,  1899)  no  appreciable  quantity  of  water 
flowed  in  the  direction  usually  assumed. 

The  explanation  which  here  follows,  suggested  in  the  first 
instance  by  Mr.  Kendall  from  certain  a  priin'i  considerations, 
was   confirmed  by  an  inspection   of    the    Ordnance  six-inch   maps 


26  TIIK    UXDERCiROUND   WATERS   OF   NORTH-WEST    YORKSHIRE. 

(not  goolo;^rioal),  and  has  been  raised  to  demonstration  so  far  us 
one-half  of  the  ai'ea  is  concerned  bv  a  close  examination  of  the 
country. 

The  pro<luctiun  of  spaces  capable  of  transmitting  watar 
thr(^)ugh  a  dense  and  compact  rock  like  the  average  unweathend 
Car}x)nif(TOus  Limestone  is  affecterJ  by  the  solvent  actkMi  of 
rain-water,  which  is  always  more  or  less  charged  with 
acid.  This  a<»tion  is  further  greatly  aided  by  organic 
derived  from  vegetable  matter  undergoing  decomposition  ia  the 
soil :  and  the  activity  of  plants  must  also  augment  the  qunli^ 
of  cjirl)onic  acid  available. 

Now  in  a  com  [met  limt^stone  solvent  action  is  limited  in  the 
main  to  attacks  upon  actual  ttur/aces,  and  the  effects  will  be 
essentially  ditlerent  from  those  produc^ed  on  more  porous  rocfa 
of   similar   com]>osition. 

Such  attacks  pi*occ(Hi  against  the  upper  exposed  surfue, 
resultinj?  in  the  fantastically  furrowed  and  weathered  fonm 
which  uiv  so  much  in  favour  for  the  construction  of  "  rockeries": 
but  they  also  ]>rocced  downwards  along  the  exceedingly  nanvr 
joint  fissuivs  which  traverse  all  n)cks  in  at  least  two  direction. 
The  joints  arc  widened,  especially  near  the  surface  of  the  gnMBd 
where  the  lirst  contact  with  the  acid  water  takes  plaoe^  aid 
there  is  also  a  selective  action,  some  l)eds  resisting  solution 
than  others.  Flow  also  iK'curs  along  bedding  planes,  with  the 
of  producing  o[>enings  following  the  inclination  of  the   beddi^^ 

These  occasionally  assume  the  dimensions  of  spacious  chambm 
and  they  are  fi*e<iuently  enlarg*?d  by  falls  of  the  roof.  The  liw- 
stone  caverns  of  Craven  are  sometimes  of  this  cliaracter.  Xlie 
joint  fissures  are,  however,  far  more  numerous  and  important^  end 
most  fre(iuently  give  rise  to  caverns. 

Where  solution  is  taking  place  with  the  greatest  fi-eedom 
all  the  rainfall  which  escaj^es  re-evaporati<m  is  ab.sorl)ed  into  the 
rock,  with  the  fr»Miuent  result  of  widening  the  joints  so  much  at 
the  surface  as  to  cause  the  swalhiwing  up  of  the  soil  and  the 
pruluction  of  the  well-known  ''Clints"  or  "  limes tone-jmvements" 
(S(H}  Plate   VI.). 


Proc.  roris.  Oeot.  ami  FolyUc.  Soc.,   \'oi.   XIV.,  Plate   VII. 


THE    UNDERGROUND   WATERS   OF  NORTH-WEST  YORKSHIRE.         27 

Now  in  all  stratified  rocks  which  are  jointed  it  is  found 
of  the  two  dominant  sets  of  joints  usually  decussating  at 
fs  of  70*  to  90°  one  set,  the  master-joints,  is  much  stronger, 
is  much  more  persistent  hoth  in  continuity  and  direction 
the  other  set,  which  may  be  called  for  present  purposes 
•8-joints." 

[t  is  safe  to  assume  that  the  master-joints  from  their  greater 
Quity  will  afford  a  freer  flow  to  water,  and  this  will  secure 
they  will  be  proportionately  more  affected  by  the  solvent 
1  of  water,  so  that,  in  any  district,  unless  the  direction  of 
.t  ultimate  escape  for  underground  water  be  directly  in  the 
of  the  cross-joints,  it  will  travel  as  far  as  possible  along 
aaster-joints. 

S^ow  to  apply  these  principles  to  the  problem  of  the  sources 
e  Aire.  The  study  of  the  six-inch  Ordnance  map  showed 
the  high  limestone  plateau,  beneath  which  the  subterannean 
•s  flow  between  the  several  sinks  and  springs,  is  traversetl 
nes  of  scars  having  a  very  marked  ])aralleli8ni ;  some  of 
alleys,  moreover,  or  portions  of  them  run  in  straight  courses 
the  same  general  orientation ;  and  it  was  sug^jjested  that 
features  were  determined  by  the  master-joints,  of  which  no 
observations   had,    up   to  that  time,    l)een   made. 

Certain  obvious  reflections  were  also  made  upon  the  results 
rly  obtained  by  the  Chemists,  which  lent  an  air  of  proha- 
'  to  the  hypothesis  that  the  features  in  question  were  due 
laster-joints  which  had  also  a  preponderating  effect  upon 
ments  of  the  underground  water.  Thus  a  line  drawn  from 
t  Mill  Sink  to  Malham  Cove  coincided  with  the  general 
tion  of  the  scars  and  other  featun.vs  of  the  plateau,  which 
assumed  to  depend  upon  the  master-joints  ;  it  was  also 
5t  coincident  with  the  long  valley  of  the  Watlowes  and 
in  of  intermittent  valleys  and  scars  running  nine-tenths  of 
listance ;  but,  further,  it  joined  together  the  actual  points 
itry  and  emergence  of  water  which  had  been  traced  by 
/hemists. 
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This  observation  lent  some  significance  to  the  £act  that  a  line 
similarly  drawn  (parallel  to  the  one  from  Smelt  Mill  to  Cove) 
from  Malham  Tarn  Water  Sinks  (Plate  Y.)  in  a  sontb-CMtaij 
direction  struck  the  edge  of  the  plateau  just  where  it  is  bnacM 
by  a  ravine,  Grey  Gill.  Grey  Gill  thus  bears  the  aaiae  topp" 
graphical  relation  to  the  Tarn  Sinks  that  Malham  Cove  doei  to 
Smelt  Mill  Sink ;  but  with  the  difference,  suggestive  in  yiew  d 
the  fact  that  the  Tarn  Sinks  feed  Aire  Head  S|Hniig8,  tint 
Grey  Gill  Gorge  is  dry. 

The  view  thus  arrived  at  inductively  seemed  suffidemlj 
plausible  to  encourage  work  by  the  Geological  Sul><}ommittee,  and 
an  examination  of  the  district  was  undertaken  by  Messrs.  J.  E 
Howarth,  F.G.S.,  P.  F.  Kendall,  F.G.S.,  and  W.  Simpson,  F.G.&, 
with  assistance  from  Mr.   Herbert  B.    Muff. 

For  the  purpose  of  and  prior  to  this  investigation  tiie 
section  illustrating  this  report  (Plate  XII.)  was  drawn  br 
Mr.  Kendall,  and  the  subsequent  examination  of  the  district 
disclosed  a  series  of  facts  supporting  in  a  remarkable  way,  without 
completely  proving,'  the  assumed  analogy  between  the  relations 
of   the  sinks  and  gorges  in  the  two  cases. 

At  the  very  outset  of  the  inquiry  it  was  found  that  the 
Kpo(;ulations  regarding  the  directions  of  the  master-joints  on 
the  platoau  were  thoroughly  in  accordance  with  the  facte. 
Ijjciii  discrepancies  occurred  here  and  there,  especially  in  dose 
proximity  to  the  North  Craven  Fault,  but  in  general  the  master- 
joints  showe<i  a  quite  inconsiderable  variation  from  a  direction 
160^  magnetic  (or  142*  true),  which  is  7"  to  S.  of  true  SX 
This  direction  is  indicated  on  the  map  accompanying  this  report 
by  the  two  strong  lines  to  the  west  of  the  words  "Malliam  lings.^ 

Mr.  Bingley's  photographs  (PI.  VI.)  show  a  portion  of  the 
limestone  surface  known  as  Broad  Scar  between  the  Tarn  Water 
Sinks  and  Grey  Gill.  The  first  is  looking  towards  the  water 
sinks,  which  lie  under  the  curve  of  the  moorland  in  a  line  with 
1a}\v  Trenhouse  farmstead.  The  second  is  looking  towards  Grey 
Gill.  On  these  scars,  as  is  so  admirably  shown  in  the  photo- 
graj)hs,  the   master-joints   are  very  strongly  developed   and   their 
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inuity  is  remarkable.  It  is  possible  to  select  one  at  the 
h-westerly  edge  of  the  plateau  which  bears  directly  for  the 
1  Water  Sinks,  and  to  follow  it  almost  without  interruption 
he  crags  overlooking  Grey  Gill.  Cross-joints  run  nearly  at 
t  angles  to  these,  but  any  single  one  can  rarely  be  traced 
more  than  four  or  five  yards,  though  its  main  direction  may 
etimes  be  continued  en  Echelon  by  other  joints.  In  some 
es  a  third  set  of  joints  inclined  about  35**  to  the  master-joints 
be  observed. 

In  the  course  of  this  investigation  it  was  ascertained  that  the 
5  at   the  head  of  Grey  Gill   (Plate  VII.)  was  exactly  in  the 

of  this  section,  which  fact  forms  an  interesting  coincidence. 
\  cave  bears  340*  mag.  (the  equivalent  of  the  bearing  of  the 
ter  Sinks  joints,  viz.,  160"  before  mentioned),  and  is  obviously 
ely  an  enlarged  master-joint.  It  is  well  to  state  here  that 
cave  slopes  downward  from  the  entrance  towards  the  N.W. 

As  to  the  connection  between  the  joints  and  the  flow  of 
*r  complete  proof  cannot  in  all  cases  be  expected,  but  the 
3  now   brought   to   light   seem   to   justify    the   inference   that 

have  a  determining  influence,  and  several  flows  may  now 
onsidered  seriatim. 

1.  Smelt   Mill   Sink   to   Malham   Cove. 

The  route  from  point  to  point  here  so  closely  approximates 
he  direction  of  master-jointing  that  it  may,  it  is  considered, 
aken  as  fairly  certain  that  the  water  is  transmitted  directly 
Ligh  a  series  of  enlarged  master-joints. 

2.  GoRDALE   Beck   to   Gordale   Springs. 

These  are  taken  out  of  their  geographical  order  of  succession 
use  much  light  was  thrown  by  the  Ix^haviour  of  the  water 
lis  instance  upon  the  very  difficult  cas(j  of  the  Tarn  to  Aire 
i  flow. 

It  was  not  until  this  investigation  had  directed  attention  to 
problems  of  underground  saturation-levels   that    it  was  more 
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than  dimly  suspecto<l  that  Gordale  Beck  (Plate  VIII.)  suffered 
amount  of  absorption  in  its  passage  across  the  limestone 

Some  details  of  this  stream  are  needful   to  an  und 
of  the  problem. 

The  general  level  of  the  limestone  plateau  in  this  region 
aljout  1,250  feet.  The  stream  passes  off  the  Silurian  rocks 
tht>  Carboniferous  Limestone  at  1,160  feet,  and  its  valley  c 
begins  to  assume  the  chanicter  of  a  gorge,  gradually 
until  at  the  waterfall  in  little  less  tlian  a  mile  it  has  Jbecooe 
a  wild  rocky  ravine,  200  feet  deep  (Plate  IX).  The  stream-Iefd 
has  fallen  in  this  distance  to  975  feet,  wliile  in  the  not 
300  yards  it  descends  in  a  series  of  cascades  to  800  feet.  A  littk 
lower  down,  on  the  east  side,  great  springs  break  out  from  the 
foot  of  the  crags  which  rise  very  steeply  for  400  feet.  From  tin 
description  it  will  b<^  seen  that  Gonlale  Beck  flows  over  the 
limestone  at  an  altitude  more  than  200  feet  above  the  levd 
escaj>e  of  tin?  springs.  This  fact  prompted  the  inference 
the  stream  must  at  all  times  undergo  some  amount  of 
in  passing  over  so  permeable  a  bed  as  is  furnished  by"  the 
fissured  limestone.  This  inference  it  became  possible  (for  the 
time  within  living  memory,  perhaps)  to  put  to  a  decisive 
August,  l«Si)9,  Gordale  Waterfall  for  the  first  time  in  its 
was  absolutelv  drv.  The  members  of  the  Committee 
several  examinations  of  the  beck,  and  on  28th  Augnst 
following  note  was  made  of  a  journey  down  stream  from 
point  wliere  the  bi»ck  enters  the  limestone   country : — 

**  Gordale    I^k,    flowing    strongly    at    foot-bridge,    dwi 
and    becomes   slimy   and   offensive;    finally   bed    is   quite   dry 
a   little  above  the  she<?p-fold  and    wash-dub,    where    path 
bc»ck."     (This  point  is  just  above  the   1,000  ft.   contour.) 

Gordale  I^ck,   then,   under  conditions  of  extremest  d 
suffers    the   fate   of   the   neighbouring   streams,   and  is  swal! 
up   by    the   limestone.     This   does   not  definitely  prove   that 
absorption  takes   place   in  normal   seasons,    but   it   raises   a 
strong  presumption  in  favour  of  the  view  that  it  does,  and  that 
Gordale  Springs  are  always  mainly  supplied   in   this   way. 


riw.   Yod-.  tJf<J.  u.i-1  Pvli/lu:  .■>■«■.,   IV.   A'/ 1'.,  /'M..  JX. 
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[n  such  a  drought  as  prevailed  then  it  was  easy  to  demonstrate 
he  experiments  described  by  the  Chemical  Sub-Committee 
the  water  absorbed  in  the  stream  bed  came  out  in  Gordale 
igs,  which  suffered  only  partial  failure  and  never  actually 
d   to   flow. 

The  route  followed  by  the  water  scarcely  admits   of  doubt. 

master-joints   run   obliquely   across   the   beck   and   evidently 

'  the  water   away  into   the    body   of    the    limestone   on    the 

rn  side.     At  the  waterfall  the  gorge  makes  a  south-westerly 

evidently   determined    by   some    structural    feature   of   the 

and    it   would    appear    that    the    same    structural    feature 

Is  the  underground,  water  flowing  for  some  distance  into  the 

in  a  south-easterly  direction  to  take  a  similar  south-westerly 

in   rough   parallelism   to   the   beck,  and   to  reappear  in  the 

igS. 

Malham   Tarn  Water  Sinks  to   Aire   Head  Springs. 

This  case  has  been  reserved  for  the  last  l^ecause  the  difticul- 
it  presents  are  much  diminished  by  the  light  obtained  from 
ale. 

The  introduction  has  descrilx^d  how  Malham  Tarn  water  after 
ging  from  the  Tarn  flows  off  the  Silurian  area  and  for  some 
nee  over  the  Carboniferous  Limestone  Ix^fore  suffering  corn- 
absorption  at  the  water  sinks. 
From  the  point  of  disappearance  a  valley  runs  in  a  straight 
deepening  steadily  until,  making  a  very  sharp  turn,  it  forms 
great  dry  gorge  which  terminates  above  Malham  Cove  in 
eer  drop  of  260  feet. 

The  point  at  which  absorption  of  the  stream  is  complete 
?s  with  the  seasons.  In  very  dry  seasons  it  can  be  seen 
the  stream  begins  to  dwindle  directly  the  limestone  area  is 
bed,  and  at  the  first  sink  it  wholly  disappears ;  but  in  more 
lal  seasons  two  more  sinks  come  into  operation.  In  very 
times  the  surface  stream  continues  down  the  vallev  and, 
tated  in  the  Introduction,  it  has  been  known  to  reach  Comb 
•  and  Malham  Cove  also.     Little  doubt  need  be  felt,  therefore, 
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that  at  some  more  or  less  remote  period  there  was  a  constAot 
fiow  along  the  dry  valley,  and  that  the  great  recess  at  Malham 
Cove  has  been  produced  mainly  by  the  agency  of  the  plunging 
stream  which  has  prevented  the  accumulation  of  protective  talu 
at  the  Cuve  foot,  besides  drilling  out  a  pool.  Such  pools  are 
invariably  found  at  the  foot  of  waterfalls  with  a  sheer  drop, 
and  by  the  recession  of  falls  they  commonly  form  ravines.  That 
no  such  pool  or  ravine  now  exists  at  the  foot  of  Malham  Cove 
may  be  interpreted  as  proving  that  a  sufficiently  long  interval 
has  elapsed  since  the  stream  regularly  flowed  over  the  top  io 
admit  of  the  obliteration  of  the  pool  by  the  accumulation  of 
fallen  blocks,  or  by  the  action  of  the  greaj;  spring  which  emerges 
there  anrl  still  prevents  the  formation  of  any  talus. 

It  is  worthy  of  note  that  springs  emerging  upon  steep  hill- 
sides coninionly  show  the  same  feature  of  a  scarp  at  the  back, 
and  for  the  same  reason  that  the  outflowing  water  prevents  the 
accumulation  of  talus. 

The  cause  of  the  great  sheer  face  at  the  Cove  is  one 
familiar  to  all  geologists,  viz. :  the  occurrence  of  a  more  diunble 
l>ed  to  form  the  sill  uf  the  fall,  as  at  Niagara,  Ilardraw  Scar,  &t 
In  this  case  the  massive  bed  of  limestone  so  well  shown  in  the 
photograph  has  l^een  a  determining  factor.     (PI.  X.). 

U[x;n  the  stage  when  the  stream  followed  the  surfi&ce  channel 
only,  and  which  niav  have  been  connected  with  the  frozen  state 
of  the  «;round  at  the  close  of  the  Glacial  Period,  several  phases 
of  partial  absorption  an<l  retreat  must  have  supervened  when 
succesjsive  sinks  gnidually  developed.  The  surface  flow  wouM 
thus  cease  by  a  regular  retrogressi(m,  and  now  it  can  be  seen 
that  the  recession  has  reached  very  nearly  to  the  North  Craven 
Fault. 

During  the  eai-ly  stages  of  retreat  the  swallow-holes  must, 
it  would  appear,  have  carried  the  water  into  the  master-joints 
below  the  point  nanie<]  the  Watlowes  on  the  map,  and  so  oat 
at  Cove ;  the  emergence  l)eing  not  necessarily  all  at  the  present 
outlet  but  sometimes  at  some  height  above  it.  There  is  a  cave 
opening'   on    the   face   of   the    Scar    which    may  be   one   of  these 
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^  outlets.  This  arrangeDient  would  subsist  until  the  point 
^nal  absorption  had  receded  from  the  direct  line  of  the 
ber-joints  running  down  to  the  Cove  (that  is  out  of  the 
>lowes),  and   to  a   spot   from   which   master-joints  would  lead 

water  eastward   of  the   Cove;    and   so  on    until    the   water 

eventually  turned  towards  Grey  Gill. 

Upon  this  supposition  we  may  now  consider  the  probable 
equent  course  of  events.  A  great  spring  would  be  likely  to 
rge  in  Grey  Gill  and  produce  a  stream  flowing  down  the  dry 
inel  which  runs  to  Gordale  Bridge;  but  it  is  well  to  remark 
t   that  the   character   of   the   upper   part  of   Grey  Gill   gorge 

of  the  country  to  the  north  rather  favours  the  view  that 
irface  stream  (though  of  smaller  volume  than  that  necessary 
.ccount  for  the  lower  part  of  the  gorge)  descended  here. 

From  the   level   of  the   cave   downwards    the   floor   of   Grey 

is  composed  of  loose  blocks  of   limestone   intermingled  with 

(the  latter  indicating  plainly  that  water  flowed  in  a  surface 
am),  and  no  attempts  on  the  part  of  the  Committee  to  get 
►ugh  or  to  probe  to  live  rock  were  successful.  Attempts 
3  repeatedly  made  to  reach  the  rock,  as  inhabitants  of  the 
riot  testified  that  in  normal  seasons  a  sound  of  running 
sr  could  be  heard,  and  it  was  considered  tliat  the  Malham 
1  water  was  probably  passing  here  on  its  way  to  Aire  Head. 

Tarn   stream  was  twice  flushed  for  tlie  purpose  of  listening 

in    Grey  Gill    Cave   and   the    screes    below,    but    no   water 

i    be  heard   running  then.      Fluorescein   was  intro<luced  into 

bottom    of    the    cave    in    August,    1899,    and    washed    down 

100    gallons  of    water,  but    no   trace    of   it    has    since    been 

i. 

Grrey  Gill  changes  rather  abruptly  from  its  gorge-like  character 
e  the  Mid  Craven  Fault  comes  across  near  Cawden  Flats 
>  and  this  fault  juxtaposes  to  the  ^reat  mass  of  pure  white 
tone  of  the  plateau  the  region  of  "reef -knolls,"  consisting 
a.rk  flaggy  limestones  or  shales  enclosing  great  dome-like 
es   of   highly  fossil  if  erous   limestone,   of   which  Cawden    is   a 

example. 
i> 
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The  fault,  the  change  in  the  character  of  the  rocks,  an<l  tlie 
steep  undulations  of  the  bedding  might  be  expected  to  liave  a 
great  effect  upon  the  flow  of  underground  water. 

Assuming  that  underground  channels  were  established  along 
the  master-joints,  what  causes  the  water  to  flow  out  at  Aiiv 
Head?  It  should  lx>  borne  in  mind  that  the  direction  ui 
flow  of  underground  water  is  as  much  or  more  determined  h\ 
the  ease  Avith  whicli  it  can  get  out  at  a  particular  place  as  tlw 
freedom  with  whicli  it  can  get  in  at  some  other  place;  inde«fi, 
panuloxLcal  as  it  may  seem,  the  fonner  is  much  more  the  cause 
of  the  latter  than  rice  versa, 

Now  in  the  district  south  of  the  fault  the  rocks  are  bent 
into  an  arch  and  trough,  so  that  the  limestone  under  Cawden 
comes  up  against  the  plateau  limestone  at  and  about  Qrey  Gill. 
dips  under  tlie  shales  below  Malham  village,  and  re-emergrs  at 
Aire  Head  :  and  here  the  great  springs  break  out  (Plate  XL). 
Again  assuming  that  tlie  Tarn  water  goes  by  way  of  or  war 
Grey  Gil],  what  causes  it  to  turn  off  at  so  sharp  an  angle  to  it^ 
then  course  ?  The  answer  appears  to  be  (though  several  reasons 
might  be  suggesU^d)  that  Aire  Head  Springs  are  situated  at  or 
within  a  few  yards  of  the  nearest  and  lowest  point  of  re-emergence 
of  the  limestone  <^f  Cawden  as  it  rises  towards  Kirk  by  Top. 

Moreover,  the  joint  systems,  which  showed  such  remarkable 
persistence  and  regularity  in  the  gently  inclined  limestone  of 
the  plateau,  are  inconsUint  in  direction  in  the  more  disturbed, 
folded,  and  perhaps  crushefl,  limestones  of  the  southern  area: 
but  detoi'minations  made  between  Scale  Gill  Mill  and  Aire 
Head  give  readings  of 
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The  last  two  readings  were  taken  at  tke  weir  about  200 
\  south  of  Aire  Head,  and  were  probably  unaffected  by 
all  unmapped  fault  crossing  the  Aire  near  the  foot  of  the 
dam  which  had  disturbed  the  joints  in  the  preceding  cases. 
*s  bearing  in  the  same  direction  as  these  two  master-joints 
d  connect  Aire  Head  with  Grey  Gill. 
It  appeared   to   the   Committee   a   fact  of   some  significance 

a  "  burst,"  of  great  volume  and  sufficient  hydrostatic  head 
:opel  the  water  to  a  height  of  several  feet,  breaks  out  every 
years  at  a  point  on  Cawden,  exactly  on  the  line  l^etween 
'  Gill  and  Aire  Head.  A  trial  made  in  September,  1899, 
;ver,  just  as  the  drought  broke  up,  resulted  in  the  discharge 
ihe  re-agent  not  at  Aire  Head  but  in  a  small  spring  at 
I's  Barn  which  lies  to  the  north-east  on  the  direct  line  from 

Head  to  Cawden  "Burst." 
The  crossing  of  the  two  flows.  Smelt  Mill  to  Malham  Cove- 
lam  Beck  and  Tarn  Water  Sinks  to  Aire  Head  Springs,  witli- 
my  intermingling  presents  no  difficulty.  The  intercrossing 
>t  take  place  above  Malham  Cove,  for  no  impervious  stratum 
J  in  the  Carboniferous  Limestone  of  the  plateau  to  keep 
wo  layers  of  underground  water  apart :  it  must  take  place 
3  Malham  Beck  crosses  a  syncline  of  Bowland  Shales  just 
'  the  village  of  Malham.  Jt  will  Ix*  seen  from  the  section 
icJed  to  the  map  (Plate  XJT.)  that  Aire  Head  Springs 
^e  from  beneath  the  southern  edge  of  these  shales. 
Fluorescein  put  into  Tranland's  Beck,  by  the  first  flood-gate 
5  the  bridge  at  the  foot  of  Kirk  by  Top,  re-appeared  in 
•ing  at  Scale  Gill  Mill.  This  again  is  consistent  with  the 
al  direction  of  master-joints  in  the  vicinity,  but  there  are 
>int  exposures  at   the  particular  spots. 

The  late  Mr.  Tate  considered  that  the  Smelt  Mill  Sike  could 
weed  Malham  Cove  Spring  l>ecause  (a)  the  volume  of  the 
.*r  was  inadequate,  l)eing  only  about  J^jth  that  of  the  Cove 
la,  and  (b)  the  quality  of  the  water  was  diflerent.     Thus  : — 

SMELT   MILL.  MALHAM    COVE. 

Total  Hardness  ...  131  108 
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Mr.  Tate  said  "It  is  impossible  to  believe  that  water 
flowing  undiluted  through  a  mile  and  three-quarters  of  limestone 
strata  should,  during  its  voyage,  lose  between  two  and  three 
degrees  of  hardness." 

The  fact  appears  to  be  that,  as  Mr.  Tate  said,  the  Smelt 
Mill  Sike  contributes  only  about  ^th  of  the  water  issuing  from 
the  Cove,  the  remaining  ^^ths  consisting  of  the  rainfall  absorbed 
on  the  two  square  miles  or  more  of  country  to  the  westward 
of  the  Watlowes,  and  of  the  water  which  sinks  in  the  potholes 
on  Outside,  and  that  this  water  is  somewhat  less  hard  than 
that  from  the  Smelt  Mill.  But  any  argument  drawn  from  so 
slight   a   difference   of    hardness   must   be   inconclusive. 

V.     Conclusions  and  Remarks  op  the  United  Sub-Committees. 

A. — Malham   Cove  Spring. 
That  this  discharges  : — 

1.  The  water  from  Smelt  Mill  Sike. 

2.  The  surface  water  from  the  limestone  area  west  of  the 
Cove  and  the  Dry  Valley. 

3.  Under  certain  conditions  a  portion  of  the  Tarn  water. 
Note. — It  is  not  quite  certain,  however,  that  these  con- 
ditions have  not  to  be  artificial  or  exceptional.  Flushes 
from  the  Tarn  sometimes  affect  the  Cove,  but  if  the  Smdt 
Mill  Sink  could  be  similarly  flushed  at  the  same  time  all 
the  Tarn  water  miglit  pass  on  to  Aire  Head.  As  a  general 
rule  it  probably  does  so,  unless  there  happens  to  be  a  marked 
difference  in  the  rainfall  between  the  Tarn  and  Smelt  Mill 
gathering  areas  which  renders  the  Tarn  supply  abnormal 
relatively  to  that  of  the  Smelt  Mill  side. 

It  is  only  the  Tarn  stream  which  can  be  experimented 
upon  by  flushing,  so  that  it  is  possible  that  if  the  Smelt 
Mill  side,  whether  artificially  or  by  rainfall,  were  flushed  to 
a  greater  degree  than  the  Tarn  stream  some  Smelt  Mill 
water  might  come  out  at  Aire  Head.  It  seems  probable  that 
an  underground  watershed  exists  between  the  route  taken 
by   the  Tarn  Sinks   to  Aire  Head  water  and   Malham  Cove. 
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4.  The  water  from  Outside  and  Black  Hill  which  disappears 
in  the  pot-holes  ahove  Ha  Gate. 

Note. — Re«gents  have  not  been  tried  in  these  pot-holes. 

B. — Aire  Head  Springs. 

These  discharge  the  main  portion  of  the  water  disappearing 
At   Malham  Tarn  Water  Sinks.     (See  Malham  Cove,  note.) 

C. — Gordale   Beck   Springs. 

These  discharge  the  water  absorbed  into  the  stream  bed  in 

Upper  Gordale. 

D. — Cawden   Burst. 

The  Salt  put  in  here  reappeared  at  Mire's  Bam. 

E. — Tranlands   Beck   Water  Sinks. 
These  discharge  in  the  principal  spring  at  Scale  Gill  Mill. 

F. — Grey   Gill  and  Cave. 

No  connection  has  been  established  between  this  water-worn 
cave  and  any  outlet  spring. 

The  Geological  Sub-Committee  consider  that  the  Tarn  Sinks 
water  passes  near  here,  but  this  has  not  been  proved. 

G. — Springs   Below  Janet's   Force. 

These  have  not  been  experimented  upon. 

The  spring  on  the  left  bank  of  Gordale  Beck  below  Janet's 
Force  is  probably  supplied  from  the  slopes  above  it. 

On  the  right-hand  side  of  the  main  stream  a  strong  spring 
breaks  out  in  floods  under  a  limestone  escarpment.  This  is 
probably  supplied  from  the  Cawden  area  when  the  underground 
passages  and  fissures  there  are  filled  to  high  levels. 

H.  —Underground   Flow. 

The  investigations  show  that  within  the  area  the  main 
direction  of  underground  flow  is  along  the  master-joints  in  the 
limestone. 
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J. — Delay   in  Transit. 

The  investigations  show  that  the  flow  of  underground  water 
is  much  slower  than  was  generally  supposed. 

K. — Underground  Caverns   and   Pools. 

The  investigations  have  thrown  no  very  definite  light. upon 
the  question  as  to  whether  these  exist  in  the  Malham  area. 

The  Committee,  however,  believe  that  both  Malham  Cove 
and  Aire  Head  springs  are  below  the  general  saturation  level 
of  the  rocks.  If  so,  caverns  are  only  likely  to  exist,  if  at  all, 
in  the  up{)er  part  of  the  limestone  and  abav^  such  saturation  ■ 
level.  Having  regard  to  the  character  of  the  rock-joints  caYeru 
are  more  likely  to  exist  than  large  pools. 


L. — Malham   Tarn   Flushes  and   Malham    Cove. 

Of  the  problem  as  to  why  Tarn  flushes  should  affect  'M'^W>»» 
Cove  spring  sometimes  and  not  always,  Mr.  Kendall  contribiitoi 
a  highly  interesting  solution.     (See  Appendix.) 


It  is  our  pleasurable  duty  to  mention  that  Mr.  Morriaoo*! 
aid  and  advice  have  l)een  given  throughout  the  investigations  at 
Malham,  and  the  Committee  have  had  the  active  co-opention 
of  his  steward,  Mr.  Winskill. 


Appendix. 

Malham  Tarn  Flushes  and  Malham  Cove. 

by  percy  f.  kendall,  f.g.8. 

The  behaviour  of  the  water  sent  down  in  flushes  from 
Malham  Tarn  demands  some  attention.  In  Mr.  Tate's  experi- 
ments the  flushes  affected  Aire  Head  in  about  li  hours  and 
Malham  Cove  about  38  minutes  later.  In  the  experiments 
of  this  Committee  in  June,  1899,  before  the  commencement  rf 
the   great   drought,    a   gauge   was    established    at    the   Cove  and 
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readings  were  taken  every  15  minutes  for  many  hours  after  the 
flush,  and  absolutely  no  rise  occurred.  On  the  other  hand,  as 
has  already  been  stated,  in  the  beginning  of  August  and  again 
later  in  the  month,  on  wliich  occasions  the  drought  was  at  its 
maximum  severit}',  the  Cove,  or  at  least  the  stream,  at  Malham 
Bridge  rose  in  response  to  each  flush.  In  the  experiments  in 
June,  though  no  rise  of  the  water-level  took  place  at  the  Cove, 
traces  of  the  ammonium  sulphate  introduced  at  the  Tarn  Water 
Sinks  were  found  in  the  water  issuing  from  the  Cove  eleven 
days  later.  These  apparent  anomaHes  appear  to  be  susceptible 
of  a  fairly  simple  explanation,  and  one  which  throws  much  light 
on  the  movement  of  underground  water.  The  upper  limit  of 
.Silt u ration  of  a  pervious  rock  forms  a  somewhat  irregular  surface, 
whose  altitude  and  slope  vary  according  to  (1)  the  freedom  of 
escape  of  the  water  at  various  points,  (2)  the  facility  of  percola- 
tion or  flow  in  different  directions,  and  (3)  the  interval  which 
has  elapsed  since  the  last  absorption  of  rainfall. 
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1.  The  points  of  escape  of  underground  water.  There  will 
be  a  general  slope  of  the  saturation  planes  so  as  to  produce 
a  series  of  slopes  converging  upon  eadi  of  the  points  of  escape. 
In  the  case  of  a  well  the  slopes  will  form  an  invert(jd  cone 
(sometimes  called  the  "cone  of  exhaustion")  during  pumping  or  in 
the  recovery  from  pumping  (Fig.  1).  When  the  escape  is  by  a 
spring,   the  slopes  will  generally  assume  the  form  of  a  half  cone 
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(Fig.  2).  When  the  escape  is  along  both  sides  of  a  ^-alle?  the 
saturation  planes  will  generally  slope  in  the  same  direction  u 
the  sides  of  the  valley  but  at  a  lower  angle  (Fig.  3). 


Spring 


Fic.  2. 

2.  The  greater  facility  of  percolation  or  flow  in  a  given 
direction,  as  compared  with  that  in  another  direction,  will  hav« 
the  effect  of  pnxlucing  a  saturation   plane  of   lower  gradient  in 


Fig.  3. 

the  direction  of  easiest  movement.  Thus  we  find  that  the 
saturation  gradient  is  generally  gentler  in  the  direction  of  the 
dip  of  rocks  than  towards  the  rise,  e.g.,  the  cone  of  exhaustion 


Fig.  4. 


produced  by  pumping  from  a  well  or  borehole  in  inclined  beds  hs8 
its  axis  inclined  in  the  direction  of  the  dip  (Fig.  4);  and  on 
a   given   outcrop  of   inclined  strata,   the  subterranean  watershed, 
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formed  by  the  meeting  of  two  planes  of  saturation,  one  towards 
the  dip  slope  and  the  other  towards  the  rise  of  the  beds,  will  be 
nearer  to  the  foot  of  the  escarpment  or  basset-edge  than  to  the 
edge  which  is  covered  by  newer  rocks  (Fig.  5). 

3.     The   influence  of  alternating  wet  and  dry  periods   upon 
the   limits   of   saturation  will   be   that   during   rainy  peri<Kls   the 


Fig.  5. 

saturation  levels  will  rise  and,  the  points  of  escape  being 
approximately  constant  (though  new  ones  may  come  into  opera- 
tion at  such  times),  the  gradients  will  steepen.  In  the  simple 
case  of  horizontal  beds  forming  a  plateau  with  free  edges  all 
round,  the  saturated  rook  will  assume  the  form  of  a  dome.  In 
the  intervals  between  periods  of  rainfall  the  gradients  will  con- 
tinuously diminish,  and  in  the  case  of  the  plateau  pistulated 
above,  the  dome  representing  the  saturated  rock  will  flatten 
(Fig.  6).     All  the  gradients  will  tend  to  zero. 
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Applying  these  principles  to  the  problem  un(l(»r  consideration, 
we  will  assume  that  the  waters  of  Smelt  Mill  Sike  are  trans- 
mitted through  a  series  of  master-joints  directly  to  Malharn  Cove, 
and  that  the  water  entering  at  Mai  ham  Water  Sinks  flows 
beneath  the  limestone  plateau  in  a  similar  parallel  series  of  joint- 
fissures. 
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Each  set  of  joints  may  be  r^arded  as  a  aort  of  i 
ground  valley  through  which,  with  great  retardation  by  fri 
a  stream  of  water  flows.  There  will  be  between  these  two 
of  flow  an  area  of  saturated  rock  receiving  the  direct  percc 
of  rainfall  from  the  intervening  tract  of  the  limestone  pi 
This  saturated  area  will  drain  into  the  subterranean  ^'va 
and  produce  saturation  gradients  following  the  rules  already  d 

Suppose,  now,  a  "flush"  to  be  sent  down  from  Malhan 
into  valley  No.  2  (Fig.  7).  Before  any  effect  can  be  produce 
the  flow  in  valley  No.  1  the  water  must  accumulate  undei 
to  such  an  extent  as  to  cause  a  rise  of  the  8aturation-le\ 
the    intervening    watershed.       The    readiness    with    wlii( 
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Fig.  7. 


can  be  accomplished  will  depend  upon  two  factors- 
magnitude  and  duration  of  the  "flush";  (2)  the  height 
underground  watershed.  The  height  of  the  watershed  is  < 
a  very  material  factor,  for  upon  it  will  depend  the  v< 
water  which  must  accumulate  in  the  subterranean  valk 
an  overflow  can  take  place.  The  magnitude  of  the  flush 
for  obvious  reasons,  of  equal  importance.  When  the  s? 
level  is  high  a  large  volume  of  water  will  be  needed  to 
it ;  when  the  level  is  low  a  smaller  quantity  will  suflice. 
Mr.  Tate's  experiments  were  made  in  a  season  o\ 
rainfall,  but  there  appears  to  have  been  a  very  large  Vi 
water  sent  down,  for  both  sluices  of  the  Tarn  were  ope 
it  is  stated   that  on  the  first  day  the  sinks  were  overfl 
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35    minutes  from  the  opening  of  the  sluices,  and   in  little  more 

than  an  hour  the  overflow  was  150  yards  long.     On  this  occasion 

the    Cove  stream  rose  2  inches.     The  next  day  the  sluices  (both 

be   it   observed)  were  opened  and  the  Cove  stream  rose  2 J  inches. 

A    very  large  volume  of   water  in  this  case  was  employed,  and, 

the     season   being   normal,    an   overflow    into    the    Cove    drainage 

''©suited.     In  June,  1899,  also  a  season  of  normal  rainfall,  a  flush 

■^as  produced  by  opening  one  sluice ;  a  photographic  record  shows 

that   no  water  flowed  beyond  the  Water  Sinks.     On  this  occasion 

^ot  the  slightest  effect  was  produced  upon  the  flow  from  Malham 

^ove ;  it  is,  however,  worthy  of  note  that  a  minute  trace  of  the 

-Ammonium  Sulphate   introduced   into   the   Water   Sinks   in   this 

Experiment  subsequently  appeared  at  Malham  Cove.     This  appears 

^  indicate   that   the   watershed   of   the   saturation    was   actually 

^  a  small  extent  surmounted,  but  that  the  increased  head  was 

^  small   as  to  be  practically  nullified   by  friction.     It  may  here 

1)6   remarked    that    the    1899    experiments    show    decisively    that 

a  flush  affects   the   springs   at   Aire   Head   or   elsewhere   not  by 

the  direct  discharge  of  the  water  admitted  to  the  sinks,  but  by 

increasing  the  water  pressure  in  the  rock  and  causing  a  forward 

thrust    which    drove    other    water    before    it,    just    as    the    water 

flowing  from  a  reservoir  thrusts  water  out  of  our  domestic  taps. 

The   two   flushes    in    August,    1899,   both  affected    Malham   Cove. 

They  appear  to  have  been  of  less  volume  than  those  recorded  by 

Mr.  Tate,  yet  they  produced  a  very  marked  rise  of  tlie  stream  at 

3Ialham  Bridge. 

The  great  effect  upon  the  stream  issuing  from  Malham  Cove 
may  be  due  in  part  to  a  greater  volume  of  water  haviitg  bet^n 
sent  down,  but  it  appears  quite  certain  that  during  the  long, 
unexampled  drought  which  prevailed  during  July  and  August, 
1899,  the  saturation  levels  in  the  limestone  nmst  have  fallen  to 
a  very  marked  extent,  producing  a  flattening  and  lowering  of 
the  subterranean  watershed,  which  would  greatly  facilitate  the 
overflow  from  one  drainage  system   to   the  other. 

Two  subsidiary  points   need   notice.     It    has   been   suggested, 
as  stated  in  the  Introducticm,  that  the  tardy  response  of  Malham 
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Cove  to  a  flush  from  the  Tarn  Water  Sinks,  as  compared  with 
more  prompt  outflow  at  Aire  Head,  may  be  due  to  the  flot 
taking  place  along  a  horizontal  fissure,  while  that  to  Aire  Heid 
was  through  a  vertical  fissure.  It  seems  unnecessary  to  apped 
to  such  a  cause,  the  existence  and  adequacy  of  which  are  alike 
uncertain.  The  causes  assigned,  namely,  the  interposition  of  u 
area  of  saturated  rock  and  the  difference  between  master-joints 
and  cross-joints  seem  fully  to  account  for  the  phenomena. 

The  hypothetical  cave  which  has  been  supposed  to  lie 
beneath  the  limestone  plateau  at  Malham  Cove  rests  upon  ne 
basis  of  observation,  and,  while  all  the  facts  can  be  ezplaorf 
without  it,  there  are  some  which  appear  to  be  quite  inconaM 
with  its  existence. 
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THE    COMPOSITION    OF    SOME    MALHAM    WATERS. 
BT    B.    A.    BURRELL,    F.I.C. 

(Bead  November   2nd,   1899.) 

The  waters  analysed  were  those  whose  flow  was  investigated 
members  of  this  Society  on  the  21st  and  22nd  June,  1899. 
t  only  published  analyses  of  these  waters  are  the  partial 
ruinations  (1)  of  the  Malham  Tarn  Stream,  Aire  Head  Spring, 

Malham  Cove  Spring,*  made  by  the  Rivers  Pollution  Com- 
(ioners  in  1869,  and  (2)  of  the  Smelt  Mill  Stream,  Tarn 
am,  and  Cove  Spring  made  by  Rimington  in   1878.t 

A  complete  mineral  analysis  is  now  submitted  of  water 
n  at  the  Tarn  Sluice  Gate,  the  principal  Aire  Head  Spring, 
Smelt  Mill   Water  Sink,  and  Malham  Cove. 

The  waters  were  collected  on  the  5th  and  6th  August,  1899. 
ig  to  the  prolonged  drought  very  little  water  was  flowing, 
ir  from  the  Aire  Head  Spring  or  down  the  Smelt  Mill 
er  Sink.  At  the  latter  place,  the  sample  was  taken  some 
yards  above  the  spot  where  the  common  salt  was  added  on 
5  22nd,  1899,  so  as  to  avoid  any  possible  risk  of  contami- 
>n.  When  this  sample  was  taken  two  brilliant  patches  of 
escein  were  noticed,  evidently  due  to  some  of  the  strong 
ion  having  sunk   to  the  bottom  of  the   stream.  J 

In  the  following  tables  the  results  are  expressed  in  grains 
gallon.  The  atomic  weights  used  are  taken  from  the  Sixth 
ual  Report  of  the  Committee  on  Atomic  Weights,  1898 
gen  =  16).§ 


^  Rivers  Pollution  Commission,  Sixth  Report,  1874,  y)ages  43,   112. 

~  Proceedings  Yorkshire  Geological  and  Polytechnic  Society,  Vol.   VII. , 

185.     1878. 
!:  Six  weeks  had  elapsed  since  this  reagent  was  used. 
\  Chemical  News,  Vol.  LXXIX.,  page  207.     1899. 
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'.TArrria>s*  <i  '^  iiSeK^i  ci!j&«timentd  are  giTen. 
:r.  JL  tlr:  ftrr^i-  az>i  ':«.•«§  anE-  Mdcczked  tcoeiher  in  the  usual 
ii^^'-'er.  fc-i  in  IIL  'br  Tctrioaa*  asaTj^^  are  giTTen  for  refwence. 
Jr.  IL  ^  o.a.iAn^:«&  -:i  ib«-  Tim  vm:«r  vith  that  issnin^ 
fr  -n  Airr  H-ski  >irir^  *i»'*-i  liias  the  czMieTzroond  coarse  has 
^rr^L-^r-i  &  r:vr.«:'>rr*>iC'r  f^-iT-j^  iri  ii$  c^oipoiidtioo  :  the  calciom 
c*r'>.r;A:r:  rl?i:i^  fr^.cL  4  rraizif  T->  5»-77  snm&.  or  an  increase  of 
r.^Arlv  -.-s-.'  aiii  a  Lklf  lis^es.  ibe  magnedom  carbonate  froo 
C-.'^'ii  :•-'  'Iri-  ir»rf:';k*"v  tLe  sanje  ratio,  vhiist  there  is  a  slight 
'iiii.L'.-::  -ri  in  ibe  c*I-jiun2  «:ilt-ha:e-  Xo  nitrates  could  be  detected 
in    t'^rr   Tarr.  -"-ai-er.  wbereAS  the   Aire   Head  water   contains  an 

TI'jv  exiieriii>?D:*  caTTi€!«J  out  br  the  Society  dnring  the 
*iuaiinfrr  of  1^C^C*  j.pjv«i  o.iDcluiixelj  that  the  Smelt  Mill  stmm 
L'!sr!i*.W  a:  Ma. ham  Cove,  but  as  Tate  remarks,  **the  volume  d 
lUf:  .Siii'-lt  Mill  Svke  is  n«>t  a  twentieth  that  of  the  Core 
hXnsLiiu  *  and  it  i-s  th*rrefi:»re  ob\TOUs  that  the  Cove  stream  is 
{^1  irotn  other  ?y>urce<-  Tlie  comparison  of  the  analysis  of  the 
Smelt  Miil  water  with  that  from  the  Cove,  leads  to  the  sup- 
l^f^-ition  that  in  the  latter  there  is  a  lar^  volume  of  a  much 
b^jfter  water. 

In  the  Cove  water  the  proportions  of  calcimn  and  magnesiam 
carWiate>.  the  calcium  sulpihate  and  the  total  dissolved  matter 
are  all  !-liirhtlv  le>s  than  in  the  Smelt  Mill  water.  If  the  Smelt 
Mill  water  could  Ije  obtained  free  from  admixture  with  other 
waters  as  it  issues  from  its  underground  course,  there  is  not  the 
h]i;^litf.*st  doubt  that  there  would  be  a  considerable  increase  in 
the  quantities  of  calcium  and  magnesium  carbonate. 

It  will  be  noticed  that  the  Cove  water  contains  nitrates, 
tliouj:li  none  are  present  in  the  Smelt  Mill  water.  The  con- 
ditions favourable  for  the  development  of  the  nitrifWng  organism 
are  a  base  such  as  calcium  carbonate,  traces  of  phosphates,  free 
oxy*i:en  and  darkness,  all  of  which  are  fulfilled  during  the  under- 
ground courses  of  the  Tarn  and   Smelt   Mill   waters. 

•  I*r<x.'e(Mling8  Yorkshire  Geological  and  Poh'technic  Society,  VoL  VIL» 
page  1H4.     187H. 
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Table  I. 

)XSTITUENTS    IX   GrAINS    PER   GaLLON    (PARTS    PER    70,000). 


.t«  when  aample  was  taken   y 

•ature  of  air 

•aturc  of  water    . . . 

SiO,)          

ric  Anhydride  (SO,) 

Acid  (HNO,)       ... 

iAcid(HXO,)    ... 

oric  Acid  (PjOj) 

e{Ci)        

Oxide  (Fe,Oa)      ... 

>iO)           

jia(MgO) 

I  (Na)         

liaCNHg) 

inoid  Ammonia    ... 

our  of  solid  residue 

on  ) 

litiou          

) 

Malham 
Tarn  Sluice 
Gate. 

AufniHt  0th, 

1890, 
12.35  p.m. 

65  0-  F. 

61 C  F. 
0-213 
]'281 
None 
None 


Aire  Head 
Spring. 


Smelt 
Mill  Water         ,,  ^^ 
Sink.  ^"^«- 


Malhara 


I 


None 

0*66i> 
0  030 
3143 
0169 
0-433 
OOOTi 
0006 

BlackeiiH 


{ 


AugUHt  5th, 

1899. 

0.20  p.m. 

620*'  F. 

48 -o**  F. 

0-224 

1050 

0100 
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A    PEAT    DEPOSIT    AT    STOKESLBY. 
BY    BEY.    JOHN    HAWELL,    M.A.,    F.0.8. 

(Read  August  ithy  1899.) 

On  this  occasion  of  the  meeting  of  the  Yorkshire  Geological 
Polytechnic  Society  at  Stokesley,  it  has  seemed  to  me  to  be 
g  to  bring  briefly  before  you  a  notice  of  a  Post-glacial  Peat 
sit  or  Forest  Bed  which  occurs  in  the  immediate  vicinity 
ir  place  of  meeting,  and  of  which,  so  far  as  I  know,  no 
d  has  previously  been  made  public. 

En  the  autumn  of  1892,  Mr.  Henry  Fawcett,  Head  Master 
le  Preston  Grammar  School,  Stokesley,  called  my  attention 
section  exposed  in  digging  a  tank  in  the  garden  adjoining 
ouse,  some  few  yards  east  of  the  river  Leven.  After  passing 
i|^h  5  ft.  6  in.  of  surface  soil  and  alluvial  matter  a  thickness 
Ft.  6  in.  of  fine  clay  was  met  with,  and  imme<liately  below  this 
Ted  a  peaty  deposit,  the  depth  of  which  was  not  ascertained, 
^quentiy  Mr.  Fawcett  and  I  gained  furth(T  information 
ding  this  bed  of  peat.  Some  yeiirs  previously,  when  tlu^ 
Canon  Bruce  was  rector  of  Stokesley,  he  made  an  attempt 
nk  a  well  near  the  rectorv,  which  is  on  the  same  side  of 
stream.  The  same  lx*d  of  peat  was  then  reached.  The 
!•  which  came  up  smelled  so  offensively  that  the  well  had  to 
illed  in  again  immediateh'.  But  Ix^fore  doing  this  the 
men  thrust  an  inm  rod  into  it  to  the  depth  of  12  ft.  At 
'pth  of  9  ft.  from  the  surface  they  met  with  leaves  and 
*  of  trees.  There  is  a  mill  at  a  distance  of  two  fields  from 
Fawcett's  house,  and  when  the  foundations  of  this  mill  were 
5  dug  a  tree  of  black  oak  was  found  (Miibedded  in  the  clay 
depth  of  about  7  ft.,  and  below  it  occurred  hazel  bushes 
nuts  upon  them  at  a  depth  of  10  ft.  from  the  surface;  of 
ground.  At  a  greater  depth  gravel  was  come  upon.  In 
irden   adjoining    the    mill    some    large    horns    were    found   at 
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some  distance  from  the  surface.      These  horns   are  described  u 

having  been  *'  very  large  and  curved  and  similar  to  those  found 

in  the  railway  cutting  near  Kildale  Church."     The  horns  fonnl 

at  Kildale  were  the  antlers  of  Cervtis  elaphus  and  C,  Utranh, 

but  the  similarity  to  those  of  the  Stokesley  horns,  which  crombieii 

away  shortly  after  being  exhumed,  must  not  be  too  much  rndstnl 

on. 

The  deposit  of  peaty  matter  appears  to  extend  over  a  eoi- 

siderable  are-a  on   the  eastern   side  of  the    Leven  at  Stokeslej. 

I  am   informed   by  the   local   plumber  that   in   sinking  wells  a 

the  western  side  gravel  is  usually  met  with.      In  the  Appoviix 

to  the  Geological  Survey  Memoir  on  "  the  Geology  of  the  coan&r 

around  Northallerton  and  Thirsk "  the  following  section  is  gi^ 

of  a  well  at  Stokesley  Brewery : — 

ft.  in. 
Made  ground         ...         ...         ...         ...         12 

Beck  silt    ...         ...  ...  ...  ...  2  0 

Sand  and  gravel,  with  many  pebbles  of 

Magnesian  Limestone  ...  ...  30  0 

Clay            ...          ...  ...  ...  ...  30  0 

Sump  and  sand    ...  ...  ...  ...  8  0 

Brown  clay            ...  ...  ...  ...  16  0 

oanci            ...          ...  •••  ••.  ...  *j  \) 

This  Stokesley  Peat  Deposit  is  evidently  Post-glacial  in  date. 
These  Post-glacial  peats  or  forest  beds  may  be  traced  at  many 
points  in  the  Cleveland  and  adjoining  districts.  There  are  large 
tracts  of  them  on  both  sides  of  the  Tees  estuary,  extending  from 
Hartlepool  to  Redcar.  Near  Hartlepool  the  bed  is  in  one  plact 
40  ft.  thick  !  (See  Proc.  of  Yorks.  Geological  and  Polytechni* 
Society,  1883,  page  224.)  When  the  railway-cutting  betweei 
Ingleby  Station  and  Battersby  Junction  was  being  made  one  c 
these  deposits  was  cut  into,  and  a  large  quantity  of  hedg« 
cuttings,  sleepers,  and  similar  material  had  to  be  thrown  in  i 
order  to  obtain  solid  ground  for  the  railway. 

The   peat   bed   which   will   be   seen   to-morrow    near   Kilda 
Station   would   appear  to   be   of  later   date.      In  fact,    I    shou! 
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fie  Stokesley  bed  as  more  likely  to  have  been  contem- 
s  with  the  shell  deposit  at  Kildale  than  with  the 
;  peat.      Both  were  at  this  epoch  localities  of  arrested 

but   at   the   Kildale   tarn   the    forest   growth   was    less 
nd    the    sun's    rays    got    through   with    some    degree    of 

and  decaying  vegetable  matter  was  transferred  to  the 
jre,  whilst  molluscs  lived  happily  and  died  peacefully, 
p  shells  fell  to  the  bottom  of  the  water,  forming  in  time 
deposit.  At  Stokesley,  on  the  other  hand,  the  forest- 
vas  probably  dense,  and  the  vegetable  matter  accumulated 
lere,  while  the  circumstances  were  unsuited  to  the  life 
scs. 

is  practically  certain  that  this  part  of  Yorkshire  has 
le  some  amount  of  elevation  since  the  Stokesley  peat  was 
I.  This  elevation,  which  probably  amounted  to  20  ft.  or 
vould  give  origin  to  an  improved  drainage  system  for 
ity.  There  was,  however,  perhaps  first  a  temporary  sub- 
luring  which  the  fine  clay  was  laid  down  over  tlie  peat. 
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ON    THE    GENUS    MEGALICHTHYS,    AGA8SIZ :    ITS    BISTORT,   SYSTEMATIC 

POSITION,    AND    STRUCTURE. 

BY    EDGAR    D.    WELLBURN,    L.R.C.P.   AND  S.E.,    P.R.I.P.H.,    F.G.8.,  KK. 

{Bead  November  2nd,  1899.) 

INTRODUCTION. 

At  the  meeting  of  the  British  Association,  held  at  Edinburgh 
in  1834,  Dr.  Hibbert  read  a  paper  before  the  Geological  Sedicm 
on  a  series  of  fossil  remains  found  in  the  Burdiehouse  limestone, 
near  Edinburgh.  These  contained  a  series  of  fish  remains,  among 
which,  besides  •  Gyracanthv^,  Palasaniacus,  Eripwtusy  PygcpUna^ 
were  some  bones,  scales,  and  teeth,  remarkable  for  their  great 
size,  and  also  some  smaller  rhombic  enamelled  scales.'*' 

Prof.  Agassiz  being  present  the  remains  were  submitted  to 
him  for  his  opinion.  They  proving  new  and  strange  to  bin, 
he,  Drs.  Hibbert  and  Buckland  formed  a  committee  to  report 
on  thcni.  About  this  time  Agassiz,  whilst  on  a  visit  to  Leeds, 
saw  in  tlie  Museum  there  a  fine  and  well-preserved  head  and 
part  of  the  trunk  of  a  fish,  which  he  seems  to  have  considered 
of  the  same  species  as  the  Burdiehouse  remains.  This  new  find 
having  relieved  his  doubts  concerning  the  Burdiehouse  fish,  he 
took  the  Leeds  specimen  as  the  type  of  his  genus  MegalichthySt 
and  at  that  time  included  the  large  rounded  scaler  and  gigantic 
teetli,  as  well  as  the  smaller  rhombic  enamelled  scales,  in  this 
genus.  Later,  however,  he  separated  the  large  rounded  scales 
and  the  teeth,  placing  them  in  a  new  genus  IloloptychittrS.^ 

*  See  Poissons  Fossils  (Agassiz),  Vol.  2,  Pt.  I.,  pp.  89  and  90. 
t  Poissons  Foss.,  Vol.  2,  Part  I.,  p.  90. 
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It  is  very  unfortunate  that  Agassiz  made  the  Leeds  fish  his 
^ype,  as  undoubtedly  the  name  Megalichthys  was  suggested  to 
him  by  the  great  size  of  the  Burdiehouse  remains,  for  which  in 
1840*   Prof.   Owen  instituted  the  genus  Bhizodus, 

Systematic  Position. — Agassiz  classed  Megalichthya  in  his 
heterogeneous   group   of   **Sauroides."t 

Sir  P.  EdgertonJ  next  proposed  its  inclusion  in  the  family 
Sauroidei-dipteinni  (Sauroides-dipteriens  of  Agassiz) ;  its  position 
in  the  Saurio  -  dipterini  was  also  indicated  by  Pander  §  and 
Huxley  II  on  account  of  the  close  relationship  of  its  head  bones, 
(fee.,  to  those  of  Osieolepis,  though  they  both  seemed  to  hesitate 
for  want  of  knowledge  of  the  conformation  and  position  of  the 
fins. 

In  1861  Prof.  Young,  in  Dec.  X.  Geol.  Survey,  mentioned 
specimens  in  the  Jermyn  Street  Museum,  showing  the  form  of 
fins,   but  unfortunately  gave  no  description  or  figures. 

In  1875  Mr.  J.  Ward,  F.G.S.  (Fossil  Fish  of  North  Stafford- 
shire Coalfields),  classed  Megalichthya  in  this  same  family  (Saurio- 
dipterini),  and  also  stated  that  the  pectoral  fin  is  lobate. 

Dr.  R.  H.  Traquair,  F.R.S.,  in  a  paper  read  before  the 
Royal  Physical  Society,  Edinburgh,  on  P\^b.  20th,  1894,  says 
that  there  can  be  no  doubt  tliat  the  true  position  of  Mefjalirhthys 
is  in  the  family  Saurio-dipterini  as  defined  by  Pander,  Huxley, 
and  others.  In  every  matter  of  "  Family "  importance  its  struc- 
ture closely  conforms  to  that  of  Osteolepis, 

In  1890  Mr.  J.  Ward,  F.G.S.,  in  his  "Geology  of  the  North 
Staffordshire  Coalfields,"  classifies  it  in  the  same  family ;  but  in 
1891  Mr.  A.  Smith  Woodward,  F.G.S.,  in  vol.  ii.  of  his  Catalogue 
Fos.  Fishes  in  the  British  Museum,  places  the  genus  Megalichthya 

*  Olontography,  1840,  p.  75. 

t  Poissons  Fo88.,  Vol.  II.,  Pt.  II.,  p.  152. 

X  Morris's  Catalogue  Brit.   Fossils. 

§  Die  Saurodipterinew,  &c. ,  devon  S^'st.,  p.  5. 

II  Dec.   Geol.   Survey  X.,   1861,  p.  12. 
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A    PEAT    DEPOSIT    AT    STOKESLBT. 
BY    BEV.    JOHN    HAWELL,    M.A.,    F.O.S. 

(Read  August  ith,  1899.) 

On  this  occasion  of  the  meeting  of  the  Yorkshire  Geological 
nd  Polytechnic  Society  at  Stokesley,  it  has  seemed  to  me  to  be 
itting  to  bring  briefly  before  you  a  notice  of  a  Post-glacial  Peat 
deposit  or  Forest  Bed  which  occurs  in  the  immediate  vicinity 
»f  our  place  of  meeting,  and  of  which,  so  far  as  I  know,  no 
eoord  has  previously  been  made  public. 

In  the  autumn  of  1892,  Mr.  Henry  Fawcett,  Head  Master 
if  the  Preston  Grammar  School,  Stokesley,  called  my  attention 
o  a  section  exposed  in  digging  a  tank  in  the  garden  adjoining 
lis  house,  some  few  yards  east  of  the  river  Leven.  After  passing 
hrough  5  ft.  6  in.  of  surface  soil  and  alluvial  matter  a  thickness 
»f  1  ft.  6  in.  of  fine  clay  was  met  with,  and  immediately  below  this 
occurred  a  peaty  deposit,  the  depth  of  which  was  not  ascertained, 
jubsequently  Mr.  Fawcett  and  I  gained  further  information 
•egarding  this  bed  of  peat.  Some  years  previously,  when  the 
ate  Canon  Bruce  was  rector  of  Stokesley,  he  made  an  attempt 
o  sink  a  well  near  the  rectory,  which  is  on  the  same  side  of 
;he  stream.  The  same  bed  of  peat  was  then  reached.  The 
^'ater  which  came  up  smelled  so  offensively  that  the  well  had  to 
ye  filled  in  again  immediately.  But  before  doing  this  the 
kvorkmen  thrust  an  iron  rod  into  it  to  tlie  depth  of  12  ft.  At 
L  depth  of  9  ft.  from  the  surface  they  met  with  leaves  and 
:wigs  of  trees.  There  is  a  mill  at  a  distance  of  two  fields  from 
Mr.  Fawcett's  house,  and  when  the  foundations  of  this  mill  were 
being  dug  a  tree  of  black  oak  was  found  (Mubedded  in  the  clay 
at  a  depth  of  about  7  ft.,  and  below  it  occurred  hazel  bushes 
with  nuts  upon  them  at  a  depth  of  10  ft.  from  tlie  surface  of 
the  ground.  At  a  greater  depth  gravel  was  come  upon.  In 
a  garden   adjoining   the   mill   some    large    horns    were    found   at 
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some  distance  from  the  surface.  These  horns  are  described  as 
having  been  "very  large  and  curved  and  similar  to  those  found 
in  the  railway  cutting  near  Kildale  Church."  The  horns  foimd 
at  Kildale  were  the  antlers  of  Cermis  elaphus  and  C  taraftdus^ 
but  the  similarity  to  those  of  the  Stokesley  horns,  which  crumbled 
away  shortly  after  being  exhumed,  must  not  be  too  much  insisted 
on. 

The  deposit  of  peaty  matter  appears  to  extend  over  a  con- 
siderable area  on  the  eastern  side  of  the  Leven  at  StokesIeT. 
I  am  informed  by  the  local  plumber  that  in  sinking  wells  on 
the  western  side  gravel  is  usually  met  with.  In  the  Appendix 
to  the  Geological  Survey  Memoir  on  "the  Geology  of  the  country 
around  Northallerton  and  Thirsk"  the  following  section  is  given 
of  a  well  at  Stokesley  Brewery : — 


ft. 

in. 

Made  ground         

•  •  • 

1 

2 

.DcvJK     oil  V      •••                •••                •••                ••• 

•  •  • 

2 

0 

Sand  and  gravel,  with  many  pebbles 

of 

Magnesian  Limestone 

•  •  • 

30 

0 

^^XCm  y                                          •••                               ■••                               •••                               ••• 

•  •  • 

30 

0 

Sump  and  sand    ... 

•  •  • 

8 

0 

Brown  clay 

•  •  • 

16 

0 

lOCvllxX                              •••                        •••                        •••                         ••• 

•  *  • 

3 

0 

This  Stokesley  Peat  Deposit  is  evidently  Post-glacial  in  date. 
These  Post-glacial  peats  or  forest  beds  may  be  traced  at  many 
points  in  the  Cleveland  and  adjoining  districts.  There  are  large 
tracts  of  them  on  both  sides  of  the  Tees  estuary,  extending  from 
Hartlepool  to  Redcar.  Near  Hartlepool  the  bed  is  in  one  place 
40  ft.  thick !  (See  Proc.  of  Yorks.  Geological  and  Polytechnic 
Society,  1883,  page  224.)  When  the  railway-cutting  between 
Ingleby  Station  and  Battersby  Junction  was  being  made  one  of 
these  deposits  was  cut  into,  and  a  large  quantity  of  hedge- 
cuttings,  sleepers,  and  similar  material  had  to  be  thrown  in  in 
order  to  obtain  solid  ground   for  the  railway. 

The  peat  bed  which  will  be  seen  to-morrow  near  Kildale 
Station   would   appear   to   be   of  later   date.      In  fact,    I    should 
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regard  the  Stokesley  bed  as  more  likely  to  have  been  contem- 
poraneous with  the  shell  deposit  at  Kildale  than  with  the 
overlying  peat.  Both  were  at  this  epoch  localities  of  arrested 
drainage,  but  at  the  Kildale  tarn  the  forest  growth  was  less 
dense,  and  the  sun's  rays  got  through  with  some  degree  of 
freedom,  and  decaying  vegetable  matter  was  transferred  to  the 
atmosphere,  whilst  molluscs  lived  happily  and  died  peacefully, 
and  their  shells  fell  to  the  bottom  of  the  water,  forming  in  time 
a  thick  deposit.  At  Stokesley,  on  the  other  hand,  the  forest- 
growth  was  probably  dense,  and  the  vegetable  matter  accumulate<l 
freely  there,  while  the  circumstances  were  unsuited  to  the  life 
of  molluscs. 

It  is  practically  certain  that  this  part  of  Yorkshire  has 
undergone  some  amount  of  elevation  since  the  Stokesley  peat  was 
deposited.  This  elevation,  which  probably  amounted  to  20  ft.  or 
30  ft.,  would  give  origin  to  an  improved  drainage  system  for 
the  locality.  There  was,  however,  perhaps  first  a  temporary  sub- 
sidence during  which  the  fine  clay  was  laid  down  over  the  peat. 
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ON    THE    GKNUS    MEGALICHTHYS,    AGA8SIZ :     ITS    HISTORY,   SYSTEMATIC 

POSITION,    AND    STRUCTURE. 

BY    EDGAR    D.    WELLBURN,    L.R.C.P.   AND  S.E.,    F.R.I.P.H.,    F.G.S.,   ETC. 

{Read  November  2nd,  1899.) 

INTRODUCTION. 

At  the  meeting  of  the  British  Association,  held  at  Edinburgh 
in  1834,  Dr.  Hibbert  read  a  paper  before  the  Geological  Section 
on  a  series  of  fossil  remains  found  in  the  Burdiehouse  limestone, 
near  Edinburgh.  These  contained  a  series  of  fish  remains,  among 
which,  besides  •  GyracanthtLS,  Palceoniscus,  £ry7wtus,  PygopUrm, 
were  some  bones,  scales,  and  teeth,  remarkable  for  their  great 
size,  and  also  some  smaller  rhombic  enamelled  scales.'*' 

Prof.  Agassiz  being  present  the  remains  were  submitted  to 
him  for  his  opinion.  They  proving  new  and  strange  to  him, 
he,  Drs.  Hibbert  and  Buckland  formed  a  committee  to  report 
on  tliem.  About  this  time  Agassiz,  whilst  on  a  visit  to  Leeds, 
saw  in  the  Museum  there  a  fine  and  well-preserved  head  and 
part  of  the  trunk  of  a  fish,  which  he  seems  to  have  considered 
of  the  same  species  as  the  Burdiehouse  remains.  This  new  find 
having  relieved  his  doubts  concerning  the  Burdiehouse  fish,  he 
took  the  Leeds  specimen  as  the  type  of  his  genus  MegalichthyB, 
and  at  that  time  included  the  large  rounded  scales  and  gigantic 
teeth,  as  w^ell  as  the  smaller  rhombic  enamelled  scales,  in  this 
genus.  Later,  however,  he  separated  the  large  rounded  scales 
and  the  teeth,  placing  them   in  a  new  genus  HoloptychiusA 

*  See  Poissona  Fossils  (Agassiz),  Vol.  2,  Pt.  I.,  pp.  89  and  90. 
t  Poissons  Foss.,  Vol.  2,  Part  I.,  p.  90. 
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It  is  very  unfortunate  that  Agassiz  made  the  Leeds  fish  his 
type,  as  undoubtedly  the  name  Megalichthys  was  suggested  to 
him  by  the  great  size  of  the  Burdiehouse  remains,  for  which  in 
1840*  Prof.   Owen  instituted  the  genus  Bhizodus. 

Systematic  Position. — Agassiz  classed  Megalichthys  in  his 
heterogeneous   group   of   "  Sauroides."t 

Sir  P.  EdgertonJ  next  proposed  its  inclusion  in  the  family 
Sauroidei-dipterini  (Sauroides-dipteriens  of  Agassiz) ;  its  position 
in  the  Saurio  -  dipterini  was  also  indicated  by  Pander  §  and 
Huxley II  on  account  of  the  close  relationship  of  its  head  bones, 
«fec.,  to  those  of  Osteolepisj  though  they  both  seemed  to  hesitate 
for  want  of  knowledge  of  the  conformation  and  position  of  the 
fins. 

In  1861  Prof.  Young,  in  Dec.  X.  Geol.  Survey,  mentioned 
specimens  in  the  Jermyn  Street  Museum,  showing  the  form  of 
fins,   but  unfortunately  gave  no  description  or  figures. 

In  1875  Mr.  J.  Ward,  F.G.S.  (Fossil  Fish  of  North  Stafford- 
shire Coalfields),  classed  Megalichthys  in  this  same  family  (Saurio- 
dipterini),  and  also  stated  that  the  pectoral  fin  is  lobate. 

Dr.  R.  H.  Traquair,  F.R.S.,  in  a  paper  read  before  the 
Royal  Physical  Society,  Edinburgh,  on  Feb.  20th,  1894,  says 
that  there  can  be  no  doubt  that  the  true  position  of  Megalichthys 
is  in  the  family  Saurio-dipterini  as  defined  by  Pander,  Huxley, 
and  others.  In  every  matter  of  "  Family  "  importance  its  struc- 
ture closely  conforms  to  that  of   Otfteolepis. 

In  1890  Mr.  J.  Ward,  F.G.S.,  in  his  "Geology  of  the  North 
Staffordshire  Coalfields,"  classifies  it  in  the  same  family ;  but  in 
1891  Mr.  A.  Smith  Woodward,  F'.G.S.,  in  vol.  ii.  of  his  Catalogue 
Fos.  Fishes  in  the  British  Museum,  places  the  genus  Megalichthys 

*  Odontography,  1840,  p.  75. 

t  Poissons  Foss.,  Vol.  II.,  Pt.  II.,  p.  152. 

X  Morris's  Catalogue  Brit.   Fossils. 

§  Die  Saurodipterinow,  &c.,  devon  S3'st.,  p.  5. 

II  Dec.  Geol.   Survey  X.,   1861,  p.  12. 


54  WELLBURN  :    ON   THE   GENUS   MEGALICHTHYS,  AGASSIZ. 

along  with  Oateolepisj  Thursius,  DipteruSy  and  Glyptapomus  in  the 
family  Osteolepidae,  and  in  this  view  Dr.  Traquair  seems  to 
concur.* 

Structure. — The  body  is  much  elongated,  being  about  five 
times  the  length  of  the  head,  rounded  and  covered  with  rhom- 
boidal  scales  which  run  in  obliquely  sigmoidal  parallel  lines 
from  before  backwards,  the  greatest  obliquity  being  on  the 
dorsal  and  ventral  surfaces,  the  scales  becoming  smaller  on  tiie 
latter  surface.  Well  marked  ridge  scales  present  (at  least)  in 
the  posterior  half  of  the  fish,  where  they  pass  some  little  distance 
on  to  and  strengthen  the  anterior  basal  portions  of  the  unpaired 
fms ;  they  also  pass  for  some  distance  on  to  and  strengthen  tbe 
upper  lobe  of  the  caudal  fin. 

Scales. — The   superior   surface   is   divisible   into   an  anterior 
or  covered,  and  a  posterior  or  exposed,  portion  (PL  VIII.,  Fig.  G). 
The   anterior   covered  area   is   smooth    and   covered    with   a  thin 
layer    of   non-corpusculate   bone   or   kosmin,  and   is   crossed  by  a 
grove  which   runs   more  or   less   parallel   with   the   anterior  and 
superior  edges  of  the  posterior  or  exposed  portion.     The  "overlap" 
of    the    scales    is    from    above    downwards    and    backwards.     The 
posterior   exposed    area   is   rhomboidal    in    form    and    is    covered 
with  a  glittering  layer  of  ganoine  which  ceases  on  the  sides  vith 
abrupt   rounded    margins    which   dip   down   to   and    slope   to  the 
surface  of  the  scale.      This  part   of  the   scale  is  deepest  at  the 
centre,  and  on  section  is  seen  to  be  composed  of  non-corpusculate 
bone,  tufts,  capillary  tul:)es  and  the  upper  series  of  the  haversian 
canals    (Williamson).      The   internal   surface   is   smooth   with  the 
exception  of  an  elongated  ridge  or  boss  (not  present  in  M.  Icmi 
Traquair)  which    runs    more   or   less  vertical  to   the    axis   of  the 
bodv   of    the   fish,   and    is   situated   between   the   anterior   border 
and  the  centre  of  the  scale. 

The   Haversian  system   is  in  direct  communication  with  the 
scale  surface  giving  rise  to  the  wide  pores. 

*Oeo.  Mag.,  Doc.   III.,  Vol.  VIII.,  No.  321,  p.   123,  Mar.  1891. 
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Lateral  Line. — I  have  not  seen  any  evidence  of  this  "sense 
3rgan/'  but  it  probably  arises  at  a  point  on  a  level  with  the 
Jipper  border  of  the  operculum  and  traverses  a  longitudinal  series 
>£  scales  to  an  indetermined  point  on  the  caudal  pedicle. 

Shoulder  Girdle. — The  pectoral  arch  exhibits  well  developed 
membrane  bones,  there  being  a  large  clavicle  (Fig.  C,  PI.  XIX.) 
i.iid  a  smaller  infra  clavicle  (Fig.  D,  PL  XIX.).  A  supra 
clavicular  element  was  in  all  probability  also  present  (as  is  the 
case  in  some  other  members  of  the  order),  but  not  having  seen 
>he   bone  I  am  unable  to  oJOfer  any  opinion  as  to  its  characters. 

Fins.  —  (a)  Paired  fins.  These  were  represented  by  the 
*  Pectoral "  and  "  Ventral "  fins,  the  latter  being  abdominal  in 
position. 

(1)  Pectoral  fins.  These  fins  are  obtusely  lobate,  and  their 
superficial  characters  are  beautifully  shown  in  a  specimen  in  the 
iiicience  and  Art  Museum,  Edinburgh  (PI.  XVII.,  Fig.  B),  and 
ilso  in  the  fine  fish  in  the  Leeds  Museum  (see  Fig.  C,  PI.  XVII.). 

Characters. — (a)  Superficial.  At  the  base  of  the  fins  are 
%  series  of  large  scales,  which  are  continued  along  the  post- 
lixial  and  preaxial  borders,  the  space  between  these  being  occupied 
by  smaller  scales  arranged  in  many  parallel  rows.  {b)  The 
internal  skeleton  is,  as  pointed  out  by  Prof.  Miall,*  indicated 
in  Ma^alichthys^  as  in  other  fishes  with  lobate  fins,  by  the 
external  characters,  the  larger  or  fulcral  scales  covering  the  more 
rigid,  and  the  smaller  the  more  flexible  parts  of  the  internal 
structure  (in  the  nearly  allied  family  Rhizodontidiv  this  character 
is  clearly  indicated  in  a  pectoral  fin  of  Strepsodus,  which  is  in 
the  Science  and  Art  Museum,  Edinburgh).  The  lobe  of  the  fins 
seems  to  be,  as  pointed  out  by  Mr.  A.  Smith  Woodward,  sup- 
ported by  an  endoskeletal  cartilage  (covered  with  a  thin  layer  of 
dense  bone,  Cope),  arranged  on  the  plan  termed  archipterygial  by 
Gegenbaur ;  the  axis  being  shortened,  whilst  the  parameres  of  the 
one  side  are  atrophied,  those  of  the  other  border  enlarged.  There 
is   thus   no  di-  or   tri-basal    arrangement   of   the   cartilages   as   in 


*  Quart.  Joum.  Geo.  Soc.,  Vol.  XL.,  p.  347. 
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Polyptei*ti8,  the  skeleton  being  more  like  that  found  in  Ceratodut^ 
with  the  difference  that  the  basal  cartilage  (Jfetapterygium)  is 
somewhat  shortened,  the  radials  on  its  anterior  border  atn^hied, 
those  on  the  posterior  border  enlarged,  and  the  cartilage  seen 
along  the  post  axial  border  of  the  fin  being  elongated  to  form 
a  propterygium,  this  giving  a  structure  similar  to  that  shovn 
in  Fig.   A,  PI.   XVIT. 

Prof.  Cope  gives  a  section  (Proc.  W.  S.  Natl.  Moseom, 
Vol.  XIV.,  p.  457)  of  the  lobe  of  the  pectoral  fin  of  J/l  niiiduM 
Cope,  which  shows  a  well-marked  metapterygium,  with  radiak 
springing  from  its  tip  and  outer  or  posterior  edge. 

The  dermal  fin  rays  form  a  fringe  around  the  lobe,  they  tre 
clos(^ly  articulated,  the  articulations  being  rather  longer  than 
broad,  and  covered  with  ganoine  similar  to  that  on  the  scales, 
distally  they  increase  in  numl)er  by  dichotomisation  and  become 
much  finer.  The  anterior  ravs  are  much  more  robust  than  those 
situat^^d  further   back. 

Ventral  fins, — The  fins  are  abdominal  and  their  position  and 
character  are  well  shown  in  a  fish  in  the  Hugh  Miliar  Collection 
in  the  Science  and  Art  Museum,  Edinburgh.  Their  basal 
characters  are  also  well  shown  in  the  Leeds  fish,  the  right  one 
lx»ing  the  better  preserved. 

The  ?in  is  obtusely  lobate,  the  base  being  invested  with  large 
scales  which  are  continue<l  along  the  internal  or  post-axial 
border ;  along  the  outer  or  preaxial  border  is  a  shorter  series  di 
large  scales  which  meet  the  others  (post-axial)  at  an  acute  angle. 
The  space  between  these  rows  is  occupied  by  a  close  series  of 
smaller  scales  arranged  in  many  parallel  rows.  Here,  again,  the 
external  characters  probably  indicate  the  internal  skeleton  which 
is  thus  described  by  Prof.  Miall :  "  The  larger  scales  conceal  a 
strong  pro-  and  a  metapterygium,  whilst  the  smaller  scales  cover 
numerous  radials  which  spring  from  the  outer  edge  of  the 
metapterygium. " 

The  section  of  the  basal  portion  of  this  fin  given  by  Cope 
(op.  cit.)  goes  to  prove  that  a  strong,  well-marked  axial  rod  or 
metapterygium   was   present,    with   well-marked    radials   springing 
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from  its  tip  and  posterior  border,  but  none  are  shown  on  the 
ftnterior  margin.  I  don't  take  this  as  proving  that  they  were 
ftbeent  from  the  anterior  border,  as  they  might  easily  have  been 
missed  owing  to  the  direction  of  the  section,  and  it  is  highly 
probable,  considering  that  the  dermal  rays  not  only  spring  from 
the  tip  and  posterior  border,  but  also  from  at  least  the  distal 
portion  of  the  anterior  border  of  the  fin  lobe,  that  there 
were  short  radials  on  the  anterior  margin  of  the  axial  support 
distally ;  and  considering  the  fact  that  the  dermal  rays,  springing 
from  this  portion  of  the  lobe,  are  much  stronger  and  more  robust 
than  the  others,  it  is  very  probable  that  their  supporting  ossicles 
were,  although  short,  strong  and  robust,  and  from  the  above  the 
conclusion  seems  to  be  that  the  skeleton  of  this  fm  was  of  a 
nature  similar  to  that  shown  in  Fig.  E,  PL  XVII. 

The  dermal  fin  rays  are  similar  to  those  of  the  pectoral  fin 
in  character  and  arrangement. 

The  pelvis  is  probably  represented  by  an  elongated  cartila- 
ginous element,  covered  with  a  layer  of  dense  bone  and  having 
the  distal  end  concavo-truncate  (see   Cope,  op.   cit.,   p.   458). 

In  the  I^iceds  fish,  between  these  fins  are  three  large,  elon- 
gated scales,  one  median  and  two  lateral,  which  may  Ix*  called 
**  pelvic  scales."  On  the  left  side  of  the  median  one  the  anus 
is  well  shown.  The  anus  is  not  always  in  this  position  as  is 
shown  by  other  specimens.  The  difference  is  probably  connected 
with  the  sex  of  the  fish.  (PI.  XIV.,  LPS  and  M  P  S,  also 
PL  XIII.,  P  S.) 

Unjxiired  Jins. — There  are  two  dorsal  fins  situated  far  back, 
the  first  being  opposed  to  the  ventral  and  the  second  to  the  anal 
fin,  which  arises  close  to  the  root  of  the  tail.  All  the  iins  are 
lobate,  the  lobe  being  more  acute  than  that  of  the  paired  fins. 

Anal  fill, — The  superficial  characters  are  well  shown  in  several 
specimens,  viz.,  in  the  I-.eeds  fish,  in  the  specimen  in  the  Science 
and  Art  Museum,  Edinburgh,  descrilx»d  by  Dr.  Tracjuair  (Proc. 
Roy.  Phys.  Soc.  E<linb.,  Vol.  VIII.,  p.  67),  and  in  a  specimen 
in  the  Lister  Collection,  Brighouse,  &q.  (PL  XIV.,  A  F,  and 
PL  XVL,  A  F). 
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Characters. — On  each  side  of  the  lobe  is  a  large  "basal" 
scale,  the  function  of  which  seems  doubtful.  The  dermal  rays 
are  of  similar  character  and  arrangement  to  that  of  the  pectoral 
fin. 

Internal  Skeleton  consisted  of  a  single  club-shaped  axonost, 
its  broad  basal  portion  bearing  several  rod-like  baseosts,  which 
were  jointed  at  intervals  and  bifurcating,  the  more  anterior  ones 
being  the  most  robust.  The  dermal  rays  are  much  more  numerous 
than  the  supporting  ossicles,  and  were  of  a  character  similar  to 
those  of  the  pectoral  fin. 

Dorsal  fins. — These  fins  were  lobate,  the  lobe  being  more 
acute  than  that  of  the  paired  fins,  the  posterior  fin  is  more 
strongly  developed  than  the  anterior,  the  dermal  rays  of  both 
fins  are  similar  in  nature  to  those  of  the  other  fins,  and  the 
supporting  skeleton   is  similar  to  that  of  the  anal. 

Notp:. — A  specimen  in  the  British  Museum  (No.  38,007) 
shows  that  the  supporting  (or  internal)  skeleton  of  the  unpaired 
fins  was  of  a  similar  nature  to  that  described  above. 

Caudal  fin.— {V\.  XVI.  and  PI.  XVII.,  Fig.  H.)  Tlie  struc- 
ture (superficial)  of  this  fin  is  well  shown  in  several  specimens 
in  the  Science  and  Art  Museum,  Edinburgh ;  leister  Collection, 
Brigliouse ;  and  Owens  College,  Manchester.  The  fin  is  inter- 
mediate in  type  between  the  diphy cereal  and  heterocercal  stages, 
and  in  general  form  reminds  one  of  that  of  Tristichapteru^  as 
pointed  out  by  Dr.  Traquair. 

The  rays  arise  from  both  the  upper  and  lower  margins  of 
the  body  prolongation,  those  of  the  lower  side  commencing  in 
advance  of  those  of  the  upper  (see  PI.  XVI.).  After  the  com- 
mencement of  the  rays  the  upper  margin  of  the  body  slopes  a 
little  downwards,  whilst  the  lower  one  first  slopes  somewhat 
rapidly  upwards  and  backwards,  then  more  gradually  to  meet 
the  upper  in  a  fine  point,  which  is  finally  lost  among  the  dermal 
rays,  the  scaly  covering  being  continued  to  this  point  (PL  XVI., 
and  PI.  XVIL,  Fig.  H). 
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The  greater  number  of  the  dermal  rays  arise  from  the  lower 
aspect  of  the  body  prolongation,  whilst  the  apex  is  formed  by 
those  arising  from  the  dorsal  side  of  the  axis.  (This  is  clearly 
shown  in  a  specimen  in  Owens  College  Museum.)  (PI.  XVII., 
Fig.  H.)  The  posterior  margin  of  the  fin  slopes  obliquely  upwards 
and  backwards,  and  the  dermal  rays  are  articulated,  covered  with 
ganoine,  increased  by  dichotomisation  distally,  the  uppermost  ones 
are  the  most  robust  and  the  proximal  part  of  the  upper  border 
of  the  fin  is  strengthened  by  well-marked  "ridge  scales,"  which 
are  continuous  with  those  on  the  dorsal  ridge  of  body. 

Internal  Skeleton,  (PI.  XVII.,  Fig.  F.)  The  specimen  of 
Megalichthya  Ilihberti  Ag.,  No.  38,007,  already  mentioned,  shows 
that  the  internal  structure  was  of  a  similar  nature  to  that  of 
Tristichopterus  alatus  Egerton,*  viz.,  the  more  anterior  dermal  rays 
are  supported  on  a  series  of  "hour-glass"  shaped  interapophyscal 
osselets,  each  osselet  having  several  rays  opposed  to  their  distal 
end,  their  proximal  ends  uniting  with  the  distal  extremities  of 
elongated  and  thickened  neural  and  hoemal  spines  of  the  vertebral 
column.  More  posteriorly  the  dermal  rays  seem  to  abut  on  the 
vertebral  axis. 

Vertebral  Column. — In  the  Andersonian  Museum,  Glasgow, 
there  is  a  slab  which  contains,  besides  the  upper  surface  of  the 
head,  a  good  display  of  the  vertebral  column.  About  fifty 
vertebrae  are  shown,  of  which  the  anterior  are  the  shortest  and 
broadest,  the  caudal  being  the   longer  and  narrower. 

The  notochord  is  partially  persistent,  the  cartilages  of  the 
arches  are  superficially  calcified,  there  are  robust  ring-shaped 
vertebrae,  and  several  specimens  (in  the  Science  and  Art  Museum, 
Edinburgh;  British  Museum;  in  the  Author's  Collection,  ttc.) 
show  well-marked  neural  spines,  which  have  a  cylindrical  shaft, 
articular  head,  and  are  somewhat  flattened  distally.  Hjvnial 
.spines  are  also  shown   in   the  caudal    region  in  several  specimens. 


*  See  Mem.   Geol.  Survey  (Figures   and   descriptions  organic   remains), 
Dec.  X,  PI.  4  and  5,  pp.  60-53. 
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Head. — Internal  anatomy  in  M,  {ectosteorhachis)  eiceronm 
Cope,''^  the  chondrocranium  is  in  some  degree  ossified,  and  t^ 
paracliordal  cartilages  are  ossified  to  form  two  subtriangular  bones 
which  present  one  angle  forwards,  and  having  the  internal  ode 
which  bounds  the  chordal  groove  straight  and  longitudinally 
grooved.  The  antero-external  side  is  oblique  and  nearly  straight, 
and  is  overhung  by  the  cranial  roof.  These  ossifications  embrace 
the  chorda  dorsal  is  posteriorily,  and  are  continued  a  short  dis- 
tance posteriorily  as  a  tube.  Anteriorily  the  chordal  grove  is 
open,  and  we  here  get  a  good  illustration  of  a  permanent 
embryonic  type  (Cope,  opus  cit.). 

According  to  Dr.  Young  (see  Quart.  Journ.  Geol.  Soc.,  Vol  25 
(1866),  p.  605)  the  basilar  region  is  well  ossified  and  includes  a 
massive  basioccipital  which  projects  behind  the  vertical  posterior 
wall  of  the  cranium  and  sometimes  has  its  length  increased  by 
coalescence  with  at  least  the  first  vertebral  ring,  whose  neural 
process  remains  distinct.  In  a  lateral  view,  the  aliophenoides  (?) 
and  an   incomplete  interorbital  septum  (?)  are  well  shown. 

The  hyomandibular  is  not  shown  in  any  of  the  specimens 
I  hav(i  seen,  but  it  is  probably  (as  in  Rhizodopsis)^  covered  by 
the  preoperculum,  and  extends  from  the  squamosal  above  down- 
wards and  slightly  backwards  to  the  articular  extremity  of  the 
mandible  below. 

Cranial  Anatomy  (PI.  XV.,  Figs.  A,  B  and  C). — The  whole 
of  the  cranium  is  covered  with  thick  dermal  plates,  which  exhibit 
a  definite  arrangement,  and  there  is  a  considerable  development 
of  membrane  bones  on  the  roof  of  the  mouth.  The  shield  of  the 
cranial  roof  is  divided  by  a  much-pronounced  transverse  suture  into 
two  parts.  The  posterior  portion  consists  chiefly  of  a  pair  of  long 
narrow  bones  (Pa.),  the  parietals,  which  are  divided  down  the 
middle  line  by  an  irregular  suture,  the  bones  are  twice  as  wide 
behind  as  in  front,  their  external  margins  first  run  nearly  straight 

♦Proc.  Amer.  Phil.  Soc.,  Vol.  20,  page  628.     1883. 
t  TranH.  Ruy.  Soc.  of  Edinburgh,  Vol.  XXX.,  page  171  (Traquair). 
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forwards  to  a  point  a  little  behind  their  middle,  then  forwards 

mmd  inwards  for  a  short  distance,  and  then  nearly  straight  for- 

""irards  to  meet  the  posterior  boundary  of  the  bones  of  the  anterior 

division.     Along  the  outer  edge  of  each  parietal  are  two  smaller 

iDones  (P.F.  and  Sq.),  the  anterior  ones  being  narrow,  elongated 

\x>ne8  which  in  front  meet  the  posterior  extremity  of  the  bones 

(Fr.)  of  the  anterior  division;   from  this  point,  where  the  bones 

are  the  broadest,  the  external  margins  run  backwards  to  a  point, 

a  little  in  front  of  the  centre  of  the  parietal  bones,  where  they 

Join   the  posterior   pair  of  bones   (Sq.)   by  a  suture  which   runs 

from  without,  inwards,  and  backwards.     The  posterior  border  of 

the   bones   (Sq.)   is   straight,  and   they   are   wider   here   than   in 

front.      Their   outer   border   at  first   runs   forwards  and   slightly 

Qutwards,  then  forwards,  and  then  inwards  and  forwards  to  meet 

the  external  border  of  the  anterior  pair  of  bones  (P.F.)  at   the 

junction  of  their  posterior  and  middle  thirds. 

The  anterior  division  of  the  cranial  shield  is  divisible  into 
a  posterior  (Fr.)  and  an  anterior  moiety  (C.E.). 

The  posterior  division  is  composed  of  two  bones  (Fr.),  the 
Frontals,  which  are  divided  down  the  middle  line  by  an  irregular 
suture ;  their  inner  sides  are  longer  than  their  outer,  which  are 
notched  to  form  the  upper  boundary  of  the  orbit.  From  the 
anterior  edge  of  this  notch,  where  the  bones  are  the  widest,  they 
gradually  narrow  to  form  an  obliquely  truncated  anterior  extremity, 
which  indents  the  posterior  border  of  the  bones  (O.E.)  in  front, 
the  union  being  by  a  semi-lunar  suture,  with  the  convexity 
forwards. 

The  anterior  division  (^Moignon  inter  majnllaire  Agassiz)  is 
a  cresentic  shield  which  terminates  the  head  anteriorly,  and 
presents  distinct  indications  of  a  division  into  a  number  of  i>ieces, 
viz.,  Ethmoids  (E.),  Pre-frontals  (P.F.),  Nasals  (N.),  and  pre -maxil- 
lary (P.Mx.)  bones.  The  lx)nes  are  usually  firmly  united,  and 
form  the  "Compound  Ethmoid."  The  pre-maxillary  portions  are 
separated  by  a  median  suture,  and  form  the  lower  and  anterior 
boundary    of   the    shield.      Above    these    in    the    centre    is    the 
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ethmoidal  (E.),  with  the  Nasals  (N.)  on  each  side,  and  more 
external  still  the  bone  probably  represents  the  Prer  or  Anterior 
frontals  (A.F.).  The  nasals  were  perforated  by  and  contained 
the  olfactory  organs,  and  the  nares  (Na.)  were  anteriorly  placed 
on  each  side  of  the  snout,  as  is  the  case  in  Osteolepis  and  in  the 
recent  fish  Polypterus  (see  PL  XV.,  Fig.  B). 

Behind  the  cranial  shield,  in  the  occipital  region,  are  three 
bones,  one  median  and  two  lateral.  The  central  one  is  in  the 
form  of  a  narrow  isosceles  triangle,  and  the  lateral  ones  form  & 
pair  on  each  side  of  it.  These  bones  are  regarded  as  the  supra 
temporals  by  Dr.  Traquair,  Mr.  Smith  Woodward,  and  others. 

Side  of  the  Head,  (PI.  XIII.  and  XV.)— This  region  is 
entirely  covered  with  loose  dermal  plates. 

The  Orbit  is  anteriorly  placed,  being  situated  at  the  junction 
of  the  anterior  and  middle  thirds  of  the  head.  Above  it  is 
bounded  by  the  frontal  bones,  in  front  by  a  bone  (A.O.)  which 
probably  represents  the  Anterior  Orbital  of  Polypterus^  below  hr 
an  elongated  triangular  bone  (S.O.),  the  Sub-Orbital,  which  rests 
on  the  anterior  portion  of  the  upper  edge  of  the  maxilla  (ilx) 
below,  and  extends  from  the  pre-maxilla  in  front  to  a  third  bone 
(S.O^).,  which  is  triangular  in  shape,  and  forms  the  posterior 
inferior  boundary  of  the  orbit.  This  bone  is  the  supra-orbital 
of  Prof.  Huxley.  Behind  the  orbit  is  a  square  -  shaped  bone 
(P.O.),  the  post  orbital. 

Behind  the  orbital  region  is  a  large  plate  (X)  which  is 
somewhat  oval  and  obliquely  placed,  it  covers  a  large  portion 
of  the  cheek,  and  is  bounded  in  front  by  the  post-  and  supra- 
orbitals, behind  by  an  elongate  bone  (P.Op.),  above  by  parts  of 
the  posterior  frontals  and  synamosals,  and  below  by  another  plate 
(X^)  which  is  somewhat  rhomboidal  in  shape  and  fills  the  space 
between  the  larger  cheek  plate  (X)  above,  the  articular  extremity 
of  the  mandible  below,  the  hinder  border  of  the  maxilla  in  front, 
and  the  lower  third  of  the  anterior  border  of  the  bone  (P.Op.) 
behind.  This  latter  bone  (P.Op.)  may  be  considered  as  the 
preoperculum.     It  is  a  narrow,  elongated,  somewhat  arched  bone, 
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)n\?'exity  being  backwards ;  its  direction  is  from  above  down- 
.  and  slightly  backwards.  Above  it  articulates  with  the 
losals  (Sq.),  and  from  this  point  it  passes  down  behind  the 
ior  border  of  the  bones  X  and  X*  to  meet  the  articular 
nity  of  the  mandible  below,  and  behind  are  two  bones  (Op. 
}.0p.).  The  former  of  these  bones  (Op^)  represents  the  Oper- 
and the  latter  (S.Op.)  the  Suboperculum. 

'he  two  cheek  plates  X  and  X*  are  probably  equivalent  to 
leek  cuirass  of  Lepidoateua  (or  as  Dr.  Traquair  remarks  of 
ime  bones  in  Rhizodopais),*  to  the  posterior  set  of  sub- 
Is  in  Lepidotus  and  in  the  Palaeoniscidae.  By  Agassiz  t  the 
X  and  P.Op.  were  considered  to  be  the  equivalent  of 
-called  pro-opercalum  of  Polt/pterus,  while  the  lower  one  X* 
npared  to  the  little  bone  fixed  above  the  posterior  edge 
J  maxilla  in  Salmonidae,  <fec.,  and  which  Mr.  Parker  con- 
to  be  the  homologue  of  the  malar  bone  of  other  vertebrata. 

he  opercular  bones  (Op.  and  S.Op.)  were  largely  developed, 
perculum  is  a  large  square-shaped  bone  with  its  posterior 
3r  angle  much  rounded,  it  is  broader  alx)ve  than  below  and 
I  than  in  front.     It  is  bounded  above  by  the  posterior  half 

squamosals  in  front,  and  behind  these  by  the  lateral  pair 
prateuporals ;     in    front    is  the    preoperculuni ;    behind    the 

of  the  shoulder  girdle  and  below  by  a  plate  (S.O.),  which 
rlaps,  the  suboperculum.  This  latter  bone  is  much  narrower 
as  the  anterior  superior  and  posterior  inferior  angles  much 
sd.  The  bone  is  bounded  above  by  the  operculum,  in  front 
3  lower  part  of  the  preoperculuni,  behind  by  the  clavicle, 
elow  by  a  bone  (L.J.)  which  is  to  be  regarded  as  the  most 
ior  of  the  lateral  jugulars.     (Plates  XIII.,  XIV.,  and  XV., 

Aws. — The  maxillie  are  of  an  elongated  triangular  shape, 
Iveolar  border  being  the  longest  and  the  posterior  one  the 
'st.     The  greatest  depth  of  the  posterior  expansion  varies  in 

*  Trans.  Roy.  Soc.  Edinburgh,  Vol.  XXX.,  p.   177. 
t^Poisson's  FoBsiles,"  Vol.  II.,  part  2,  p.  92. 
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the  different  species,  being  in  M.  Ilihherti  Agassiz  about  a  third 
the  greatest  length.  The  anterior  angle  is  pointed,  the  otben 
somewhat  blunt.  A  specimen  in  the  Author's  Collection  showi 
on  the  upper  edge  of  the  bone,  and  a  short  distance  from  the 
anterior  extremity,  a  short,  blunt  projection,  similar  to  the  ow 
mentioned  by  Dr.  Traquair  on  the  maxilla  of  Rhizodopm  (op. 
cit.,  p.  172).      (PI.  XIX.,  Fig.  A.) 

The  pre-maxillie  are  separated  by  a  median  suture,  and  fonn 
the  lower  and  anterior  boundary  of  the  cranial  shield.  When 
seen  from  the  palatal  surface  the  bone  is  spatulate,  with  a  rounded 

fure  edge. 

The  mandible  is  of  a  very  complex  structure,  but  the  com- 
ponent parts  are,  in  the  older  fishes,  firmly  united  together. 
IWhind  there  is  a  distinctly  ossified  articular  element.  The  upper 
and  outer  border,  in  front  of  the  angular  bone  (Ag),  is  formed 
by  an  elongated  element  (D),  the  dentary  bone,  which  is  deep 
and  thick  at  the  symphysis,  but  from  this  point  it  gradaally 
tapers  backwards  to  a  fine  point.  Its  lower  border  is  boozHied 
by  a  series  of  three  plate-like,  lenticular  bones,  which  form  i 
series  in  front  of  the  angular  element  (Ag),  and  are  termed  infn 
dentaries.  The  inner  wall  of  the  ramus  is  formed  by  a  thin 
.sphenial  lamina,  and  between  this  and  the  dentary  is  a  series  d 
three  or  four  stout  lenticular  bones,  the  laniaries.  (Biv-<^toHK. 
amt  PL  XIX.,  Fig.  B.) 

Dentition.  —  Upper.  The  pre-maxillie  and  vomerine  bones 
bear  within  and  close  to  either  outer  extremity  a  large  tooth, 
and    on    each    side    of    the    middle    line    in    front    is    a    similarlv 

• 

sock(»to(l  lari^e  tooth.  The  small  marginal  teeth  are  contiouous 
with  two  curved  rows  of  ecjually  small  teeth  which  pass  in  front 
of  the  outer  tusks,  and  curving  inwards,  meet  in  the  middle  line 
anterior  to  the  basilar  bar,  whose  surface  is  closely  set  with  fine 
dentick's.'"  Behind,  on  either  side,  are  two  palatine  bones,  which 
seem  to  be  wedged  in  between  the  maxillie  and  pterj'goid  bones. 
Each    i)]ate    bears    a    marginal  row  of  short,  stout,   conical    teeth, 
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he  rest  of  the  surface  being  set  with  similar  but  smaller  teeth, 
'hich  are  more  distant  over  the  anterior  portion  of  the  bone, 
at  posteriorly  pass  into  a  dense  rasp  of  minute  denticles.  Out- 
Ida  these  the  edges  of  the  maxillse  are  set  with  small,  conical 
3eth,  continuous  in  front  with  those  on  the  edge  of  the  pre- 
laxillse. 

Lower  dentition. — The  outer  edge  of  the  dentary  bone  of  the 
landible  bears  a  row  of  small,  conical  teeth.  Within  these  are 
>tir  large,  strong,  conical  teeth,  which  are  distantly  placed.  The 
nterior  one  is  the  largest,  and  is  firmly  socketed  in  the  thickened 
p^mphisial  extremity  of  the  dentary  bone,  the  others  lie  within 
lie  e^gid  of  the  dentary  bone,  and  are  attached  to  the  series  of 
miary  bones  (PL  XVIII.).  The  edge  of  the  sphenial  bone  also 
ears  numerous  rasp-like  teeth. 

From  the  above  it  will  be  seen  that  the  dentition  is  that  of 
predatory  fish. 

Teeth. — External  characters.  They  are  round  in  transverse 
ection,  conical,  more  or  less  curved,  bases  plicated,  and  many 
re  covered  with  very  fine  striie,  which  merely  involves  the  outer 
K)rtion  of  the  enamel  (Young,  Davis).  These  lines  are  some- 
imes  parallel  or  anastomose  to  form  a  fine  reticulation. 

Internal  characters, — The  walls  of  the  teeth  are  infolded, 
he  folding  being  simple  at  the  commencement  of  the  external 
luting,  but  as  we  pass  towards  the  root  the  folds  become  wonder- 
fully beautiful  and  complex,  but  the  vertical  tubes  formed  by  the 
nfolding  never  form  such  an  interlacing  network  as  in  the 
Dendrodont  type  (Dr.  Traquair).* 

The  gill  flap,  anteriorly  and  inferiorly,  is  completed  by  a 
;eries  of  bony  plates,  the  jugulars,  which  lie  between  the  mandi- 
bular rami,  and  which,  together  with  the  infraclavicular  bones 
vhich  lie  along  their  posterior  border,  cover  in  and  protect  the 
mderlying   branchial   arches. 

In  the  centre  are  two  elongated  plates,  the  principal  jugulars 
P.J.).      They  are  broader  behind   than   in  front ;    their   posterior 

♦Geo.  Mag.,  Dec.  III.,  Vol.  VIII.,  No.  321,  p.  123.     1891. 
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end  is  roundec],  the  anterior  truncated.  Behind  the  8}'mphvai 
of  the  mandible,  and  between,  and  partly  overlapped  bv.  tte 
anterior  ends  of  the  principal  jugulars,  is  a  well-marked  azT«w 
plate,  the  medial  jugular  (M.J.).  On  each  side  are  a  series  d 
well-marked  lateral  jugulars  (L.J.),  which  increase  in  size  from 
l)efore  backwards  ;  they  run  along  the  inner  sides  of  the  mandibalar 
rami,  and  extend  some  little  distance  behind  the  posterior  border 
of  the  principal  jugulars.  There  are  probably  nine  of  these  plat« 
on  each  side.     (PL  XIV.) 

Conclusion. — (PI.  XIII.)  The  body  of  Megalkhthy*  vu 
nmch  elongated,  somewhat  rounded,  and  covered  with  rhwnboidal 
ganoine-covered  scales,  arranged  in  sigmoidal  rows,  running  frtsa 
above  downwards  and  slightly  backwards. 

The   head    is    long   (about    one-fifth   length   of   body),  broad, 
and   depressed,  all  the  exti^rnal  bones  being  covered  with  a  dense 
layer   of   ganoine.       Cranial    roof   is   covered   with    well-developed 
bony  plat(\s,  which  form  a  compact  shield  divisible  into  an  anterior 
and  a  posterior   moiety.      The   nares  are  placed  on  each  side  of 
tlu^    rounded,    depressed    snout.       The   orbit   is   anteriorly  placed, 
being  at  the  junction  of  the  anterior  and  posterior   third  of  ihe 
head,    and    is    bounded    in    front,    below,    and    behind    by   well- 
developed   bones.      I^hind,  the  cheek    is   covered   by    a  series  c^ 
loose   dermal   bones.      The  opercular  bones  are  well  marked.    The 
jaws   are    powerful   and    well   developed,    the   gape   extending  far 
back.     There  are  teeth  of  two  sizes  on  the  jaws,  the   large  one< 
being  internal.      Small,  numerous,  rasp-like  denticular  teeth  were 
also  present  on  the  well-developed  membrane  bones  of  the  mouth 
and  on  the  edge  of  the  sphenial.      Between  the  mandibular  rami 
the  branchial  apparatus  is  def^^nded  by  a  series  of  jugular  plates 
there   being   two    principal,    one    median,    and    nine    lateral   plate> 
on    each    side.       The    vertebral    column    is    well    developed,   there 
l)eing   well-ossified   ring-shaped   centra,   neural   and    haemal    arclie-. 
Neural  spines  were  present,  and  in  the  posterior  part  of  the  fi-^h 
luemal  also. 

The    shoulder    girdle    well    developed ;    paired    fins    obtusely 
obate    and    fulcrate,    the    ventral    being    abdominal    in    position. 
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Tiere  are  two  dorsal  fins,  the  second  being  the  larger  and  more 
owerful;  the  first  rises  at  a  point  about  equal  to  five-eighths 
he  total  length  of  the  fish,  measuring  from  the  snout,  the  second 
•eing  about  three-sixteenths  further  back ;  the  first  is  opposed 
o  the  ventral  and  the  second  to  the  anal  fin,  which  is  smaller 
han  the  others  and  more  lanceolate  in  shape,  and  is  situated 
lose  to  the  origin  of  the  caudal  fin.  All  these  fins  are  lobate, 
he  lobe  being  more  acute  than  that  of  the  paired  fins,  and 
^ell-marked  fulcral  scales  are  also  present.  The  caudal  fin  is 
owerful,  and  intermediate  in  type  between  the  diphycercal  and 
leterocercal  stages;  its  posterior  margin  slopes  obliquely  upwards 
nd  backwards,  and  the  majority  of  the  dermal  rays  spring  from 
he  under  side  of  the  body  prolongation.  The  fish  was  evidently 
'ery  powerful,  and  of  predaceous  habits. 

Note. — The  proportions  of  certain  of  the  bones  of  the  head 
?'ary,  as  shown  in  the  following  table : — 


/ 


i 


If.  Hibherti  Ag. 
, ,  iiUermtdius  A.  S.  W.  [ 
ft  pygniftus  Tr. 

,,  laiicepA  Tr. 


Parietal  IMvision  of 
Cranial  Roof. 


Longer  than  the 
Fron  to- Ethmoi- 
dal division. 


Da 


/ 
I 


S]iorter  than  tlic 
Fronto-Ethnioi- 
dal  division. 


Maxilla. 


Mandible. 


Three  times  as    \  ^'        .. 
long  .«  great-  I  \  ^T  1    *" 

Posterior  expan-,)^ 
sion  deep.  / 

r '  Three  and  a  half 
?  -       times  as  long  as 

( I     deep. 


Do. 


More  than  four  I  \ 
times  as  long  OS 
deep. 


/ 


Do. 


Before  concluding  this  paper  I  must  acknowledge,  with 
warmest  thanks,  the  great  obligation  I  am  under  to  the  following 
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Explanation  op  Plates., 

Throughout   the   plates   the   same  letters  apply  to  the  same 
bones  or  parts  of  the  fish. 


Head  Bones,  <fec. 


ST. 

Suprateinporals. 

P.  Op. 

Pre-operculum. 

Pa. 

Parietals. 

Op. 

Operculum. 

Fr. 

Frontals. 

S.Op. 

Sub-operculum. 

8q. 

Squamosal. 

PMx. 

Premaxilla. 

P.F. 

Posterior  Frontal. 

Mx. 

Maxilla. 

E. 

Ethmoidal. 

D. 

Dentary. 

N. 

Nasal. 

ID. 

Inf raden  taries. 

Na. 

Nares. 

Ag. 

Angular. 

A.F. 

Anterior  or  Prefrontal. 

L.J. 

Lateral  Jugulars. 

A.O. 

Anterior  orbital. 

J. 

Jugulars  (principal) 

S.O. 

Sub-orbital. 

S.Cl. 

Supra-clavicular, 

H.0\ 

Supra  orbital. 

CI. 

Clavicle. 

P.O. 

Post  orbital. 

LCI. 

Infra-clavicular. 

0. 

Orbit. 

Az.J. 

Azygos  Jugular. 

X&X 

^.  Cheek  plates. 

Parts  op 

Body, 

&c. 

L.L.          Lateral  line. 

P.F.          Pectoral  fin. 

V.F.          Ventral  fin. 

A.F.          Anal  fin. 

1st  D.F.    1st  Dorsal  fin. 
2nd  D.F.  2nd  Dorsal  fin. 
C.F.  Caudal  fin. 

B.S.  Basal  scales. 

U.S.  Ridge  scales. 

F.S.  Fulcral  scales. 

["L-RS.  Lateral  pelvic  scales. 


P.S. 
A.S. 


Pelvic  scales. 


Anal  scales. 


\M.P.S.  Medial  pelvic  scales. 
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A. 

Anus. 

MPt.  S. 

Metapterygial  or  preaxial  scales. 

MPt. 

Metapterygium. 

P.Pt.  S. 

Propterygial  or  post-axial  scales. 

PPt. 

Propterygium. 

C.B.P. 

Caudal  body  prolongation. 

L.F. 

Lobe  of  fin. 

R. 

Radials. 

D.R. 

Dermal  rays. 

Pel. 

iPelvis. 

Plate  XIII. 

3red  figure  of  Megalichthys  Ag.  From  specimens  in  the 
Ijeeds,  Science  and  Art,  Edinburgh,  Owens  College,  and 
Brighouse  Museums,  the  author's,  and  other  collections. 

Plate  XIV. 

laen  of  Megalichthys  Hihherti  Agassiz.  Ventral  surface 
shown,  one-sixth  natural  size.  Leeds  Museum  (after 
Prof.  Miall,  F.R.S.,  slightly  altered). 

Plate  XV. 

^Xegalichthys  Hihherti  Agassiz  (type).  Skull  seen  from  the 
upper  surface.     Leeds  Museum. 

l/^.  Hihherti  Ag.  Diagrammatic  representation  of  the  bones 
of  the  fronto-ethmoidal  and  orbital  regions,  and  also 
premaxillae  and  maxilhe. 

I/,  (maxillaris)  Hihherti  Ag.  Skull,  lateral  view.  Leeds 
Museum. 

Plate  XVL 

Tihherti  Agassiz.  Caudal  region,  the  body  prolongation  into 
the  caudal  fins  being  beautifully  shown.  Second  dorsal 
and  basal  portion  of  anal  fins  also  seen.  Brighouse 
Museum. 
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Plate  XVII. 

A.  Diagrammatic  representation  of  the  internal  skeleton  of  the 

pectoral  fin  of  Megalichthys, 

B.  ^f.  Ilihherti  Ag.      Pectoral   fin.      Science    and   Art  MuseiuB, 

Edinburgh. 

C.  J/.  Ilibherti  Ag.     Left  pectoral  fin  of   the  specimen  figured 

on  Phite  II.     Leeds  Museum. 

I).     J/.   I/iffberti  Ag.      Anal    region,  showing    anus,  pelvic  scales, 
basal  portions  of  ventral  fins. 

E.  Megalichthyn.      Diagrammatic  representation  of    the   skelet<ai 

of   the   lobe  of   the   ventral  fin.     The  distal  end  of  the 
pelvis  also  shown  (Pel.). 

F.  Mf'gnJichthys    Hibherti    Agassiz    (No.    38,007,    type,    British 

Museum).      Caudal  fin  showing  portions  of  the  internal 
skeleton.     S.O. — Supporting  ossicles  (axonosts). 

G.  Supporting  ossicle  of  caudal  fin  of  ^fegalichthys  Ilihherti  Ag. 

H.    J/.    [Rhomhoptichius)  inUrmedius  A.   S.   Woodward.      Caadal 
fin,  Owens  College  Museum,  Manchester. 

Plate    XVIII. 

^[.  inf<nnedius  ?  A.  S.  Woodward.  MM^dible  seen  from  the  inner 
sideythe  sphenial  bone  b^ifi^^bsent.  S.Mn.-^Kmphjsis 
of /mandible  (den^irfy  bo^e  of).  SJ^^^Syjiphysiol 
laftiarv  t(X)thx^^T.  2  aid  L.T.^>^!^cond  And  third 
Inmiry^tfrth  S.T. — Smiili-^tJtJth  from  ed^^of  deutarr 
bone.  L.B.  1  and  L.B.  2. — First  and  s#ond  laniarr 
bones.  ID. — Infradentary.  Specimen  in 
Museum. 

Plate    XIX. 

A.  J/.  Ilihherti  Ag.     Maxilla  (Author's  Collection),  showing  the 

anterior  articular  projection   (a). 

B.  „  „  Mandible  and  maxilla.     Author's  collection. 

C.  ,,  „  Clavicle.      British  Museum. 

I).  ,,  ,,  Infra-clavicular.      Author's  collection. 
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r.  Hibherti  Ag.  Portion  of  vertebral  column.  N.C. — Noto- 
chordal  interspace.  C.  —  Centra.  N.S.  —  Neural,  and 
H.S.,  hsemal  spines.  Science  and  Art  Museum,  Edin- 
burgh. 

L  {Rhomboptychius)  irUermediiis  A.  S.  W.  Vertebra  with 
spinous  proces.     Author's  collection. 

r.  Hibherti  Ag.  Scales.  1.  Superior  surface,  (a)  Ganoine- 
covered  exposed  portion.  (b)  Covered  area  showing 
groove.  2.  Inferior  surface.  (a)  Bos.  Author's  col- 
lection. 

OTE. — When   not  mentioned   otherwise,    the    specimens  are 
[  natural   size. 
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CONTRIBUTIONS     TO     A     HISTORY    OP     THE     MESOZOIC    COBALS    OP  THE 

COUNTY    OP    YORK. 

BY    ROBERT    P.    TOMES,    F.G.S. 

A   great   many   Oolitic   corals   from   the  counties  of  Oxford, 
Gloucester,  Wilts,  Somerset,  Dorset,  Northampton,  and  Cambridge, 
have  of  late  years  been  examined,  and  a  considerable  number  d 
new  species  and  some  new  genera  from  those  counties  made  known. 
But   while  an  abundance  of  material   has   been   obtained,  it  has 
been  a  matter  of  some  surprise  that  an  extremely  small  number 
of  specimens  from  the  Yorkshire   and  Lincolnshire  Oolites  have 
come  under  notice.      Almost  equally  meagre  are   the  records  of 
madreporaria  from  the  Jurassic  formations  of  those  counties,  and 
it   is  the  purpose  of  the  present  communication  to  bring  together 
such    notices   of   Yorkshire   species   as   have   already  appeared  in 
print,    and    to   add    some   others    which   have   not    hitherto  been 
made  known.      I   propose  also  to  enumerate  the   Liassic  species, 
and    the    few    Cretaceous    ones    which    have    been    found   in  the 
Speeton   Clay. 

In  the  Illustrations  of  the  Geology  of  Yorkshire,  by  Professor 
Phillips,  ten  supposed  Oolitic  corals  are  mentioned,  but  they  are 
not  sufficiently  defined  for  satisfactory  reference.  MM.  Mibe 
Edwards  and  Haime,  in  their  History  of  British  Fossil  Corals, 
have,  indeed,  referred  them  to  certain  recognised  species,  as  I 
shall  now  show,  but  it  is  most  desirable  that  an  actual  comparison 
should  be  made  between  Yorkshire  specimens  and  undoubted 
examples  of  the  species  to  which  they  have  been  referred  by 
those   celebrated   z(X)phytologists. 

The  following  is  the  list  of  Oolitic  corals  given  by  Professor 
Phillips,   as  revised  by  MM.   Milne   Edwards  and   Haime: — 

Stylixa  tubulifera. 

Astra^a  (uhdi/era  Phill.     III.,  Vol.  I.,  p.   12C,  pi.  iiL,  fig.  6. 
1829.     Coral   Rag,  Mai  ton. 
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MONTLIVALTIA    DISPAR. 

Turhinolia  dispar  PhilL  111.,  Vol.  I.,  p.  126,  pi.  iv.  1829. 
Coral  Rag,  Malton. 

ThECOSMILIA   ANNULARIS. 

Caryophyllia  cylindrica  Phill.  111.,  Vol.  I.,  p.  126,  pi.  iii., 
fig.  5.     1829.     Coral  Rag,  Malton. 

Rhabdophyllia  Fhillipsi. 

Caryophyllia  Phill.  lU.,  Vol.  I.,  p.  126.  1829.  Coral 
Rag,  Malton. 

Cladophyllia  conybeari. 

Coral  like  Caryophyllia  cespitosa  Phill.  111.,  Vol  I.,  p.  126. 
1829. 

ISASTRiEA   EX  PLAN  ATA. 

Astrcea  favoaioules  Phill.  111.,  Vol.  I.,  p.  126,  pi.  iii.,  fig,  7. 
1829.     Coral  Rag,  Malton. 

THAMNASTRiEA   ARACHNOIDES. 

Astrtea  arachnoides  Phill.  111.,  Vol.  I.,  p.  126.  1829. 
Coral  Rag,  Malton. 

THAMNASTRiEA   CONCINNA. 

AstrcEa  micraston  Phill.  111.,  Vol.  I.,  p.  126.  1829.  Coral 
Rag,  Malton. 

Of  Thamnastrcea  arachnoides  I  would  observe  that  as  two 
species  have  certainly  been  confounded  under  that  name,  the 
determination  of  the  Yorkshire  specimens  is  by  no  means  satis- 
factory. 

The  following  are  also  given  by  Professor  Phillips  as  occur- 
ring in  the  Yorkshire  Oolite,  but  they  have  not  at  present  been 
referred  to  any  acknowledged  species : — 

Astroia  inequalis  occurs  according  to  Phillips  at  Malton. 
Edwards  and  Haime  make  no  remarks  on  this  species. 

AstrcBa  with  "calices  circumscribed"  is  also  given  by  Phillips 
as  a  Malton  coral. 

Caryophyllia  convexa  is  stated  by  the  same  authority  to  have 
been  found  in  the  Inferior  Oolite  at  Cold  Moor.  It  was  sup- 
posed by  Edwards  and  Haime  to  be  a  Monti ivaltia. 
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Professor  Phillips  also  figured  without  any  description  a  oonl 
from  the  Speeton  Clay,  to  which  he  gave  the  name  of  CaryopkyUiA 

en  7 1  hI  us. 

In  1848*  McCoy  described  a  coral  in  the  collection  of  the 
University  of  Cambridge  by  the  name  of  Deniipora  ghmat^ 
from  the  Coralline  Oolite  of  Malton,  where  it  was  said  to  be 
eommoii. 

Proft^ssor  Duncan,  in  the  Supplement  to  the  History  of 
British  Fossil  Corals,!  added  two  species  to  the  Oolitic  coral 
fauna  of  Yorkshire  from  specimens  w^hich  were  in  the  collectiw 
of  Mrs.  Leckenby,  of  Scarborough,  to  which  he  gave  the  name  of 
Gonioserls  awjulata  and  G.  Leckenhyi,  both  of  which  had  been 
o})tained  from  the  Millepore  bed  of  the  Inferior  Oolite  at  Claughton 
Wvke. 

The  Rev.  J.  F.  Blake,  at  page  447  of  the  "Yorkshire  lias," 
mentions  four  species  of  coraLs,  to  which  I  shall  refer. 

An  addition  was  made  by  me  in  1888,  when  I  described 
and  figured  a  species  under  the  name  of  LatinuKandraria  (/ecora(fl,t 
which  I  had  received  from  Mr.  Bean,  of  Scarborough. 

In  tlie  catalogue  of  type  specimens  in  the  Woodwaniian 
Museum,  Cambridge,  dated  1891,  Stylina  tubuli/eray  from  the 
Coral  Bag  of  Malton,  is  mentioned  as  the  type  of  Dentipora 
Iflomerata  of  McCoy,  so  named  in  1848. 

Finally,  tlie  present  writer,  in  a  recent  communication  to  the 
Geological  ^lagazine,;^  indicated  the  presence  of  three  species  of 
corals  in  the  Speeton  Clay. 

Having  now  given  an  outline  of  the  literature  relating  to 
the  Yorkshire  Mesozoic  Madreporaria,  I  will  proceed  to  a  critical 
consideration  of  such   species  as    I    have  had   the  opportunity  of 


*Ann.  and  Mag.  Nat.  Hist.,  8er.  2,  Vol.  II.,  p.  399.     1848. 

+  Sup.  Brit.  FoH.  Cor.,  ])t.  iii.,  p.  21,  pi.  vii.,  figs.   1-11.      1872. 

:J: Quart.  Journ.  Geol.  Soc,  Vol.   XXXIX.,  p.  562,  pi.  xxii.,  figs.   7,  S, 
9,10,  and  15.     1883. 

§I)L'cade  IV.,  Vol.  \'I.,  p.  302.     1809. 


TOMES  :  MESOZOIC  CORALS  OF  THE  COUNTY  OF  YORK.      75 

lining,  commencing  with  the  Liassic  species,  and  proceeding 
&rds  to  those  of  the  later  formations. 

I. — Liassic  species. 

ETERASTRiEA     EXCAVATA    FfOmentel    Sp. 

Seplastrcea    excavata   E.   de   From.,   in  Martin   Infra   Lias, 
C6te  d'Or,  1860. 

SeptcLstrcea  excavata  Blake.      Yorkshire  Lias,  p.  447,  1876. 

The  genus  Septastrcea  of  D'Orbigny  having  undergone  a  very 
ching  examination  by  Dr.  Hinde,*  can  no  longer  be  admitted 
i  British  or  even  a  European  genus.  It  is  an  American 
1,  and  confined  to  the  Tertiary  formation.  In  the  Geological 
;azine  of  May,  1888,t  the  present  writer  showed  that  all  the 
ish  species  of  Seplastrma  possessed  characters  which  were 
lly  inconsistent  with  those  of  that  genus,  and  created  for 
p  reception  a  new  genus,  which  was  designated  lleterastro'a, 

necessity  for  such  a  genus  was  obvious,  and  has  been  con- 
ed by  the  discovery  of  a  considerable  number  of  new  species. 

ONTLivALTiA  POLYMORPHA  Terquer  et  Piette. 

Montlivaltia    polymorpha    Terq.    et    Piette.      Lias    Inf.    de 
I'Este  de  la  France.      PI.  XVL,  Figs.   17-21.     1865. 

As  a  Yorkshire  species  the  present  appears  to  be  rare,  only 
t  examples  being  recorded  by  the  Rev.  J.  F.  Blake  in  1876.+ 
vas  included  bv  the  late  Professor  Duncan  in  the  list  of 
reporaria  from  the  South  Wales  conglomerates,  but,  as  I  have 
vhere  shown,§  the  specimens  from  that  locality  were  really 
ing  more  than  fragments  of  a  sj>ecies  of   Thecosmilia, 

L^p  to  the  present  time   I  believe    Montlivaltia  poli/marpha, 
British  species,  is  confined  to  Yorkshire,  from  which  locality 
ive  examined  specimens. 


♦Quart.  Joiini.  Oeol.  Soc,  Vol.   XLIV.,  p.  20O,   1888. 
t  Decade  III.,  Vol.  V.,  p.  215.    1888. 
X  Yorkshire  Lias,  page  447.     1876. 
§  Quart.  Joum.  Geol.   Soc.,  Vol.  XL.,  p.  365.     1884. 


76  TOMES  :    MESOZOIC   CORALS   OF   THE   COUNTY   OF  YORK. 

MONTLIVALTIA   GUETTARDI    BlainV. 

Moiitlivaltia  giiettardi  Blainv.     Diet,  des  Sci.  Nat.,  T.  LX, 
p.    302.     1830. 

Montlivaltia  guettardi  Chap,  et  Dewal.      Mem.  Cour.  Aoi 
Beige,  T.   XXV.,  p.   264,  pi.  33,   fig.   6.     1854. 

Considerable  doubt  exists  respecting  this  as  a  Yorkshire,  aad 
indeed  as  a  British  species.  Specimens  which  were  in  the  oi- 
lection  of  Professor  Tate,  and  said  to  have  been  collected  tl 
Redcar,  which,  with  JfontlivaUia  haimei,  came  into  the  haaii 
of  the  present  writer,  prove  on  examination  to  be  identical  witk 
Jfonflii^dtm  mucroiiata.  They  have  so  much  the  colour  lai 
general  aspect  of  Warwickshire  specimens  of  the  latter  sped* 
as  to  suggest  that  some  mistake  has  been  made  as  to  locaiitj. 
If,  however,  they  are  really  Yorkshire  examples,  it  is  more  tha 
probable  that  Afondivaltia  guettardi  is  not  found  in  that  coontj. 
The  examination  of  undoubted  Yorkshire  specimens  is  most  dea^ 
able. 

MoNTLiVALTiA  HAiMEi  Chap,  ct  Dcwal. 

Montlivaltia  haimei  Chapius  et  Dewalque.  Mem.  Coor. 
par  I'Acad.  Belgique,  T.  XXV.,  p.  262,  pi.  38,' fig.  5. 
1S54. 

A  great  many  specimens  of  this  common  and  well-marked 
species  have  been  taken  from  the  Lower  Lias  of  Yorkshire,  wi 
mav  be  seen  in  the  Y^ork  and  other  museums,  as  well  as  la 
private  collections.  A  considerable  number  from  Redcar,  vrmcfi 
were  in  the  collection  of  Professor  Tate,  are  now  before  me,  «11 
of  which  have  the  regular  and  numerous  denticulations  on  tbe 
septal   edge   which  characterise  typical  examples. 

II. — Oolitic  species. 

Genus  Gonioseris  Duncan. 

The  corallum  is  simple,  dome  shaped  or  pyramidal,  and  has  sis 
very  prominent  angles  extending  from  the  apex  to  the  base,  anc 
formed  by  a  great  development  of  the  primary  septa. 
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The  basal  wall  is  nearly  horizontal,  star  shaped,  and  has 
points,  which  are  the  lower  terminations  of  the  prominent 
es.  It  is  naked  and  costulated,  and  the  costse  are  continuous 
L  the  later  cycles  of  septa,  but  not  with  the  primary  ones. 
ne  are  dissepiments  connecting  the  costse. 

There  is  a  small  apical  fossula.  The  margins  of  the  septa 
entire,  and  their  sides  are  smooth.  There  is  no  synapticular 
^th  of  any  kind. 

In  the  course  of  the  investigations  which  have  led  to  the 
re  definition  of  the  genus,  considerable  doubt  arose  as  to 
^her  the  whole  of  the  upper  surface  is  calicular,  or  whether 
i  part  is  confined  to  tlie  apical  fossula.  I  conclude,  however, 
»  Professor  Duncan  very  rightly  regarded  the  whole  of  the 
ar  part  of  the  corallum  as  calicular,  and  for  the  following 
on : — The  prominent  angles  have  between  them  what  must 
b4&ken  as  true  septa,  because  in  relative  height  they  correspond 
1  the  normal  development  of  the  cycles  in  certain  of  the 
'^oildt^.  Sometimes  Montlivaltia  lens  is  so  much  elevated  as  to 
almost  dome  shaped,  and  the  cycles  very  closely  resemble  the 
If^s  in  Gonioseris,  I  am  entirely,  therefore,  in  accordance 
h  the  original  describer  in  believing  that  the  whole  of  the 
»er  surface  of  the  corallum  in  Gonioseris  is  calicular,  though 
iffer  widely  from  him  as  regards  the  affinities  of  the  genus. 

It  is  in  the  comparative  lateral  prominence  of  the  cycles  that 

form  presents  such  an  anomaly,  the  septa  of  the  second  cycle 

ng  in   the    receding   angles    have    much    less    prominence   than 

>se   of    the   third  and   fourth.     Gonioseris   is   certainly  a   genus 

the    Astr(fid(n. 

GoN'iosERis  Leckenbyi  Dune. 

Gonioseris  Leckenbyi  Dune.      Sup.  Brit.  Fos.  Cor.,  pt.  iii., 
p.  22,  pi.  vii.,  figs.  6-9.     1872. 

Of  the  two  species  of  Gonioseris  described  by  Prof.  Duncan 
)  present  is  much  the  more  typical,  and  a  somewhat  detailed 
cription  of  it  is  desirable.  There  are  some  specific  peculiarities 
ich  escaped  the  notice   of   the   original   describer,  namely,  the 
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very  distinct  apical  fossula,  the  well-defined  cycles  of  septa,  at 
the  subcristiform  superior  termination  of  the  primary  septa,* 
well   as   the  perfectly  smooth  sides  and  margin  of  all  the  sepli 

The  septal  fossula  requires  especial  notice,  and  disdi* 
(lefinitioii.  It  is  as  follows : — The  septa  forming  the  first  cydi 
extend  to  the  apex  of  the  corallum  and  have  great  prominow 
outwardly  as  well  as  superiorly.  Those  of  the  second  cycle  bue 
no  outward  prominence,  being  in  the  receding  angle,  but  tiff  J  ] 
also  extend  the  whole  height  of  the  corallum.  The  third  cjA 
consists  of  septa  which  are  three-fourths  the  height  of  ^ 
primary  ones,  and  the  septa  of  the  fourth  cycle  are  a  little 
shorter  than  those  of  number  three.  There  are  septa  of  a  fiftk 
cyel(\  which  extend  for  a  very  short  distance  up  the  side  d  h 
corallum. 

GoMOSERis  ANGULATA  Duncan. 

Gonioseris  ayi^julata  Dune.      Supp.  Brit.  Fos.  Cor.,  pt  in^ 
p.  22,  pi.  vii.,  figs.  1-5.     1872. 
After  so  full  an  account  of  the  characteristics  of  the  ga* 
Gonioseris^  as   well  as  of  the  preceding  species,  I  need  only  aj 
of   the   present  one   that  it  has  a  much    less  elevated  fonn, »» 
that   all    its   details   are    much    less   strongly   made   out  than  o 
Goniosrris    Leckenhyi,  more   especially  in    the  shallowness  of  "* 
apical  fossula,  and  in  the  want  of  prominence  of  the  upper  im 
inner  ends  of  the  primary  septa  which  form  it. 

Numerically   it  is   much  rarer  than  the  preceding,  one  only 
having    been    received     by    the    present    vrriter    to    fourteen  « 
Gonioseris  Leckenbyi.     Both  species,  I  am  informed,  occur  togethtf 
in   the  Millepore  bed  of  the  Inferior  Oolite  at  Claughton  Wvkt 

Genus   Dimorphosmilia   gen.  nov. 

The  corallum  is  circular,  depressed,  with  the  upper  surface 
convex,  and  the  lower  flat  or  concave.  There  is  a  basal  wal 
and  epitheca  showing  a  central  point  of  former  attachment.  Tb 
whole  of  the  upper  surface  is  calicular,  and  there  is  a  centn 
calice  surrounded  by  others  which  are  in  lines  in  broad,  ope 
valleys    radiating   from    the   parent   calice.       The   lines    of  calio 
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divided  by  much  developed  and  prominent  ridges,  formed  by 
I    union  of  costal  prolongations  from  the  septa,  and  the  latter 
eonnected  by  septal  cost®. 

The  sides  of  the  septa  have  vertical  ridges,  ending  in  denti- 
&t;ions  on  the  septal  edge.     Increase  takes  place  by  gemmation. 

The  genus  is  one  of  the  AstrcncUe,  and  of  the  Astrfnirupf  and 
I  some  affinity  with  with  Dimorj)ha8tr(pa,  but  differs  from  it 
terially  by  having  the  calices  arranged  in  radiating  lines, 
a-nted  by  strongly-marked  cristiform  ridges  around  the  parent 
ioe  instead  of  in  circles. 

OlMORPHOSMILIA    EB0RACEN8IS   Sp.    nOV.       PI.    XX.,    figS.    1,    2,    3,   4. 

The  corallum  is  subcircular  or  ovoid,  and  the  outer  margin 
somewhat  lobular.  The  calicular  surface  varies  considerably 
its  degree  of  convexity,  and  the  outer  margin  is  thick  or  thin 
'Ording  to  the  elevation  of  the  corallum. 

The  basal  wall  is  sometimes  nearly  flat,  but  more  frequently 
*  a  central  circular  depression  with  a  point  indicating  former 
«tchment.  It  is  clothed  with  a  thick  epitheca,  which  is  con- 
^tJiically  wrinkled,  between  the  rings  of  which  there  are  some- 
ies  costse,  which  are  straight  and  uniform  in  size. 

The  valleys  are  wide  and  open,  but  the  ridges  between  them 
^  prominent,  sub-acute,  and  the  costa?  of  which  they  are  com- 
>sed  meet,  blend,  and  form  what  has  the  appearance  of  a  wall, 
Ut  in  which  no  true  wall  has  been  determined.  There  are 
Bually  five  or  six  of  these  ridges  in  a  small  specimen,  increasing 
I  number  up  to  eight  or  nine  in  a  large  one. 

The  calices  are  few  in  number,  but  there  is  often  more  than 
le  row  in  a  valley,  more  especially  in  specimens  of  intermediate 
ze.  When  of  greater  dimensions  the  rows  of  calices  are  nearly 
ways  single.  They  are  open  and  superficial,  but  the  fossula 
lall  and  well  defined. 

There   are   four   cycles    of    septa,   and    a   few   short    ones   of 

fifth.      The   primary  septa   nearly  meet   in    the    centre   of   the 

iceral  cavity,  where   they  are   sometimes  a  little   curved.     The 

jondary  ones  are  a  little  shorter  than  the  primaries,  and  those 
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of  the  third  cycle  are  two-thirds   the  length   of  the  first  cjik, 

and  of  the  fourth  cycle  one-third   the   length   of  the  first  AD 

the  septa  are  of  nearly  uniform  and  medium  thickness,  and  whn 

unworn  have  prominent  denticulations  on  their  edge. 

in.  line. 
Diameter  of  the  figured  specimen...  ...        16 

Height  of  the  same...  ...  ...  ...        0    7 

Breadth  of  the  widest  valley         ...  ...        0    6 

Number  of  rows  of  calices,  9. 

Hab. — The    Millepore  bed  of  the  Inferior  Oolite,  Clangbta 
Wvke,  Yorkshire. 

With  specimens  of  Gonioseris  and  Dimorphosmilia  from  tb 
]\Iillepore  of  the  Inferior  Oolite  at  Claughton  Wyke,  I  ha^t 
received  a  single  specimen  of  a  coral,  which,  though  too  ill 
preserved  for  specific  determination,  has  characters  which  w 
deserving  of  particular  notice,  as  they  certainly  indicate  specific, 
if  not  generic,  differences  from  any  of  the  Jurassic  corab  aJ 
present  known  in  Yorkshire. 

It  is  small,  tuber  shaped,  and  the  whole  of  its  surface,  ^th 
the  exception  of  a  small  area  of  attachment,  is  made  up  by* 
few  large  shallow  calices,  which  are  united  by  costal  prolongatioM 
of  the  septa.     The  edges  of  the  septa  are  denticulated. 

TiiEcosMiLiA   AyxuLAKis  Fleming  sp. 

CaryophyUia  annularis  Fleming,  Brit.  Amm.  p.  509.    182?. 

Thrcosmilia  annularis  Edw.  and  Haime,  Pol}*p.  Terr. 
Poheoz.,  p.   77.     1851. 

The  Mai  ton  specimens  of  this  well-known  and  comnwffl 
species  need  no  further  remark  than  to  say  that  they  do  iMJt 
(liffer    in    any    way    from     those    found    in    other     localities  ii 

England. 

TiiECOSMiLiA  COST  ATA  Fromcntel. 

Thecosmilia  costata  E.  de  From.  Intro.  Etud.  Polyp.  Foss 
p.  143.  1858-1861.  Polyp.  Cor.  Environ,  de  Gray,  p.  1 
pi.   6,  fig.    1.     1864. 
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One  specimen  only  of  this  coral  has  been  examined,  and  it 
very    closely   with    the    description    and    figure   given    by 

de  Fromentel.  The  bi*anches  are  small,  sub-cylindrical,  and 
>  ramifications  are  strictly  dichotomous.  The  epitheca  is  thin 
1.  pellicular,  and  the  cost®  are  thin,  rather  prominent,  and 
ti«nt,  the  spaces  between  them  being  nearly  three  times  the 
ncMith  of  the  corresponding  spaces  in  ThecoamUia  anmdaris, 
'^  the  breadth  of  the  intervals  is  the  result  of  an  almost 
ISmentary  condition  of  the  alternate  costae,  which,  indeed,  are 
■betimes  scarcely  observable. 

The  calices  are  not  well  preserved,  and  the  cycles  of  septa 
»  difficult  to  trace,  but  there  are  certainly  four  cycles,  which 
Kuber  corresponds  very  nearly  with  the  formula  given  by  the 
^nal   describer  of  the  species. 

IsASTaSA    EXPLANATA     GoldfuSS    Sp. 

Aatrtea    explanata    Goldf.,    Petrif.    Germ.,    V.    I.,    p.    112, 

tab.  xxxviii.,  fig.   14.     1829. 
Isastrcea  explanata  Edw.  and  Haime,  Brit.  Fos.  Cor.,  p.  94, 
pi.  xvii.,  fig.   1.     1851. 
I  have  seen  and  examined  some  casts  of   an   Isastrcea  from 
e   CJoral    Rag  of  Malton,  which    I    do    not  hesitate  to  refer  to 
lis  species. 

Latim^andrar.ea  dkcorata  Bean  sp. 
Meandrinn  decorata  Be^in  M8. 

jAitim(vandrar(t'a  d^a/ntfa  Tomes,    Quart.  Joun.  Geol.  Soc, 
Vol.  XXXIX.,  p.  56-J,  pi.  xxii.,  figs.  7,  8,  9,  10.     1888. 

Two  specimens  of  this  well-marked  species  which  were  given 
)  me  by  Mr.  Bean,  of  Scarborough,  laljelled  ^^  Jfeandriiia 
icorata  I3ean,  Coralline  Oolite,  Malton,"  were  described  and 
jured  by  me  in  the  thirty-ninth  volume  of  the  Quarterly 
)umal  of  the  Geological  Society.  Specimens  of  this  species 
om  the  Coralline  Oolite  of  Malton  and  Langton  Wold  are  in 
e  York  Museum,  which,  having  been  submitted  to  the  author, 
dicate  great  variation  in  the  general  form,  while  they  show 
eat  uniformitv  of   structure. 

G 
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Photoseris    Waltoxi   Edwards  and   Haime. 

ProloHpris  Waltoni  Edw.  and  Haime,  Brit.  Fos.  Cor.,  p.  10^ 
pi.  XX.,  fig.   1.      18.51. 

Pi'otoseruf^  as  a  genus,  was  first  characterised  by  MM.  Miliie 
Edwards  and  Haime  in   1851*  in  the  following  words:— 

*'  Poly  pier  fixe,  en  lames  foliacees,  lobees  et  plit^  en  coraei; 
les  faces  ext/'rieures  nues  et  presentants  des  stries  costAles  fineij 
et  les  interieures  des  calices  superficiels  a  cloisons  flexueuaes  * 
confiuentes  cjui  ne  sont  jamais  separees  par  des  collines  on  cwiei; 
colunielle  papilleuse.'' 

A  single  specimen   only  from   the  Corallien  near  WeymouA 
had   been  examined  by  the  original  describers  and  furnished  6« 
abo\  e  particulars,  but  subsequently  a  good  mimy  more  have  beo 
obtained  from  the  same  locality,  some  of  which  exhibit  consider 
able  variation  in  general  form,  but  correspond  with  great  exactuM 
in  some  very  important  characters.     All  are  attached  by  a  narrof 
foot,  generally  a  mere  point,  and  all  are  equally  destitute  of  even 
a  trace  of  ei)itheca  on    the  outer   wall,   which    is    very  distinctly 
costulated.      Also  the   calicular   details  are  constantly  as  in  the 
type.      The    following    will    give   some   idea    of    the    variation  in 
external   form   of    Protoseris    Waltoni  from   specimens   taken  from 
the   tyj)e   locality  : — 

1 .  Subcrateriform,    more    or    less    lobate,    and    "  invaginated  f 

generally  having   one   side    higher   than    the    other,  an<j 
the  point  of  attachment  at  the  lower  side. 

2.  Irregularly  saucer-shaped,  lobate,  and   the  point  of  attad 

ment    ex-central. 

3.  In    the    form  of   a    thin,   irregular   disc,    with   a   very  thi 

and  lobate  margin,  slightly  curled  upwards. 

The  examination  of  a  ccmsiderable  number  of  specimei 
leads  U:>  the  conclusion  that  in  general  outline  the  type  specinn 
does  not  correspond  with  the  greater  number,  but  has  a  mo 
elevated   form    than   is   usual. 


Polyp.  Foss.  Pala'oz.,  p.   129. 
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Two    specias    of    ProtoseAs    have    been    described    from    the 
of  Nattheim,  in  Wurtemburg,  one  only  of  which  has  been 
by  the  present  writer,  namely,  Protoseris  /oliosa  Becker. 
^^  is  a  less  typical  species  than  Protoseris  WcUtoni.     Thrtn?  species 
also   been   described  and   figured  by  Professor  Koby  in   his 
on    Swiss    Jurassic     Corals,*    namely,    Protoseris    Gresleyi, 
•    J^licata  and  P.  Jaccardi,  but  an  expression  of  doubt  as  to  the 
us  accompanies  the  description  of  the  two  last  named.     They 
all  from  the  Corallien. 

Two    specimens    of    Protoseris    from    Settrington,    Yorkshire, 
liich  have  been  forwarded  to  me  by  the  Rev.  W.  Lower  Carter, 
ve  on  examination  to  be  referable  to  P,  Wcdtoni, 

Protoseris  sp. 

A  single,  very  ill-preserved  coral  from  the  Corallien  of  Malton 
^JiiflTers  from  Protoseris  Waltoni  in  having  crowded  calices  which 
^le  very  small.  It  is  not  sufficiently  preserved  for  description, 
Oat  is  certainly  undescribed. 

III. — Cretaceous  species 

The  small  turbinate  corals  found  in  the  Speeton  Clay  have 
l)een  so  little  understood  that  Mr.  Judd  in  his  paper  on  that 
peculiar  deposit,  published  in  1868,  lias  the  following: — t 

^^Cnryophyllia  comdus  Phil. — I  have  long  doubted  the  identity 
of  the  minute  Yorkshire  coral  with  the  large  and  well-marked 
species  from  the  Gault,  figured  and  described  by  Milne-Erlwards. 
Mr.  Dallas,  who  kindly  made  a  comparison  for  me,  found  it 
impossible  to  come  to  any  certain  conclusion  on  the  subject  owing 
to  the  imperfect  state  of  preservation  of  the  type  spi'ciniens." 

The  opportunity  of  comparing  some  pretty  well-preserved 
specimens  from  Speeton  with  a  considerable  number  from  the 
Folkestone  Gault,  has  enabled  me  to  determine  two  well-defined 
species,  probably  a  third. 

*Monogr.  Polyp.  Jiirasa.  SuisHe,  p.  3»")0,  &c.,  pi.  xcvi.,  fign.  2,  .3,  4,  5, 
and  6.      1885. 

t  Quart.  Jouni.  Geol.   Soc.,  Vol.   XXIV.,  p.  'i-ii}.     1868. 
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TuocnocvATHrs  covulus  Phillips  sp. 

CaryojJiifUla  conuhm  Pliill.     111.  Geo.  Yorkshire,  2iid  edit, 

pi.  ii.,   fi«;.    1.      183;"). 
I'tu'hiiKtila  rotnifnt<  Mich.     Icon.  Zooph.,  pi.  i.,  fig.  12a  (d« 

l-Jb  oil  the  same  plate).      1840-1847, 
Trochoi^ynthuH  conulns   Edw.  and    Ilaime.     Brit.  Fos.  Cor. 

]\  G.S,  pi.  ii.,  fig.  (J.      1850. 

This  species  occurs  in  the  Speeton  Clay,  Yorkshiit\  and  k 
the  Gail  It  at  Folkstone.  An  elongated  variety  is  also  found  at 
hoth  localities,  which  was  descrilx»d  and  figured  by  Profe^jf 
I)uiican  as  Smlfotrorhns  rylindrv^us, 

TKOCJlOCYATlirS?   (WLCAKATl-S    TomCS. 

SmUotrochnf*  calrarntux  Tomes.     Geol.   Mag.,   1815,  p.  543. 

A  well-preserved  specimen  of  this  species,  obtained  from  ilw 
SjH^etoii  Clay,  is  in  the  hands  of  the  prt>sent  writer,  and  has  been 
coinj)are(l  witli  others  from  the  Folkestone  Gault.  It  is  a  peculiar 
species,  the  i^emiine  position  of  which  is  by  no  means  clear. 

TnociiocYATiirs  Wiltsiiirei  Duncan  ? 

'furhiint/ia    coiifdus    Mich.    Icon.     Zooph.,    pi.    1,    fig,   12l« 
(not  lig.    12a),  p.   1,   1.S40-1847. 

Michelin  iigures  two  distinct  species  of  corals,  presumaiJy 
fi-om  Sj>eet()ii,  one  of  which  is  free  and  now  known  as  Tnt^h'*- 
rt/df/ivs  coitu/ns,  and  the  other  (figure  121))  an  attiichetl  form. 
()f  the  latter  1  can  only  say  that  it  does  not  represent  T.  ronuln.*, 
but  that  it  has  considerable  resemblance  to  T.  WUtslurc'u  a>  I 
hav(^  already  stated  in  a  recent  communication  to  the  Geolo^dcal 
Magazine.* 

Tlie  foregoiii.i^  li^t  of  Yorkshire  madreporaria,  though  a  very 
short  one,  is  remarkable  for  tin*  numl>er  of  interesting,  ami  1 
might  say  anomalous,  ft)rms.  In  the  Millepore  l)ed  of  the  Inforior 
Oolite  tliere  wvk\  three  not  found  elsewhere,  and  the  Corallieii  !■> 
distinguished  l)y  the  presence  of  tlu^  remarkable  genus  Proto^rm. 
and  bv  a  sp(?cies  of  Latum  rant  I  raria  and  one  of    7  hf?cosniilia  not 


•Decade  IV.,  Vol.  VI.,  p.  :^>2.      1S99. 
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it   with    in    any   other   part   of   England.       Doubtless    the 
of  collectors  would  be  rewarded  by  the  discovery  of  other 
:ing  madreporaria  were  diligent  search  made.  . 

Description  op  Plate  XX. 

Dimorphosmilia  eboracensis,  natural  size,  seen  from  above. 
The  denticulations  on  the  edges  of  the  septa  have  been 
worn  off. 

Dimorphosmilia  eboracentrlH,  the  under  surface  of  the 
same  species,  showing  the  epitheca,  and  point  of 
former   attachment. 

Dimorphosmilia  eljontcensis,  the  side  view  of  the  same 
specimen. 

Dimorphoinnilia  ebwacensis^  a  septum  magnified  showing 
the  strongly-developed  denticulations. 

Gonioseria  Leckenbyi,  a  tall  specimen,  natural  size,  having 
the  apical  fossula  well  defined. 

Gonioseris  L€chmby\  a  magnified  figure  of  the  apical 
fossula  showing  the  sub-cristiform  development  of  the 
upper  termination  of  the  primary  septa. 

A  plan  of  the  septa  in  Gou'whcAh  showing  the  primary 
septa  forming  the  salient  angles,  and  the  secondary 
ones  in  the  receding  angles.     A  little  magnified. 


80 

on    thk    orcuhkknce    op    8treps0dus    sulrii>ens,    haxdcock  and 
atthkv,    in   the   yorksiiiae   coal    measures. 

hy  eixjar  i).  wellburx,  f.g.s. 

Introductiox. 

Wliilst  l(M)kin;Lr  through  some  fish-remains  in  the  Museum, 
Bri«;h(>use,  Yorkshire,  I  found  a  fine  mandibular  ramus  which 
was  hibt'lknl  MeyaUrhthys^  but  which  on  examination  proved  to 
l)elon<(  to  the  lish  Strepsodus  HvZcidens.  As  it  is  the  first  time 
this  iish  has  l)een  found  in  the  Yorkshire  Coal  Measures,  and  as 
tlie  specimen  shows  some  points  of  great  interest,  I  judgviJ  it 
wortliy    of   a    brief   description. 

Description  of  the  Specimen. 

The  sj>ecimen  is  tliat  of  a  mandibular  ramus — imperfect 
posteriorly -with  three  fine  laniary  teeth,  seen  from  the  inner 
side.  In  order  to  understand  aright  the  points  shown  in  the 
specimen  as  figurefl  on  Plate  XVIII.,  the  author  considers  it 
advisable  to  give  a  brief  description  of  the  structure  of  the 
mandible  of  the   RhiztKlontidje.      In  that  family  the  mandible  is 

• 

of  a  very  complex  structure,  and  as  shown  by  Dr.  Traquair, 
F.R.S.,  is  built  up  in  the  following  manner,  viz. : — There  is  first 
a  (lentary  bone  which  is  deep  and  thick  at  the  symphysis,  from 
which  point  it  tapers  backwards,  and  bears  a  series  of  small 
teeth,  with  one  large  laniary  tooth  in  front.  Below  this  bone 
there  is  a  series  of  three  or  four  plate-like  lenticular  bones,  the 
hindermost  of  which  corresponds  to  the  angular  bone,  whilst  the 
others  are  termed  the  infrachmtaries.  A  thin,  splenial  lamina 
forms  the  inner  wall,  and  Ix^tween  these  and  the  dentarv  are 
a  series  of  thi'ee  or  four  stout  lenticular  bones,  the  laniarie>, 
each   of   which    l>ears  a  stroni'  laniary   tooth. 

On  again  turning  to  the  specimen,  it  is  at  once  apparent 
that  th(^  inner  wall  of  the  jaw,  or  splenial,  is  absent,  but  the 
outer  and    inner   segments  are  present. 

Of  the  outer  wall,  or  segment,  the  inner  side  of  the  tirst 
and   part    of    the    second    infradentaries   are    shown,    the   dividing 
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t^tween  the  two  being  indicated  by  a  sutural  line  which 
ownwards  and  backwards  from  a  point  immediately  behind 
st  laniary  tooth  to  cut  tlie  inferior  edge  of  the  jaw  at  an 
angle.  Above  these  runs  the  dentary  bone,  which — with 
ception  of  a  portion  of  the  deep  fore-end  or  symphysis — 
stly    covered    by    the    strong,    thick    laniary    l)ones,    which 

to  1^  firmly  anchylosed  to  it,  although  there  is  plain 
ce  at  the  posterior  end — where  the  bone  is  broken  across 
;  the  bones  were  originally  developed  in  separate  centres  of 
it  ion.  Three  of  these  laniary  bones  are  shown,  that  at  the 
ysis  being  the  largest ;  in  position  they  run  in  a  line,  from 

backwards,  a  short  distance  l)elow  the  dentary  edge  of  the 
•y  bone,  and  each  bears  a  strong  laniary  tooth,  of  which 
cond  and  third  show  the  usual  characters,  viz. : — They  are 
,  elongated,  somewhat  flattened,  ajn^x  straight,  fine  striae 
ler  surface,  base  broad  and  showing  vertically  elongated 
sions  extending  a  short  distance  beyond  the  basal  furrows, 
nterior  laniary  at  the  symphysis  is  a  larger  and  more 
ul  tooth  than  the  otht  rs,  it  shows  characters  similar  to 
of  the  other  teeth  with  the  exception  that  they  (the 
ers)  are  more  strongly  marked,  especially  the  vertically- 
ed  depressions  at  the  bjise,  and  the  apex,  instead  of  being 
t,  is  strongly  and  evenly  bent  backwards  and  slightly 
s,  this  being  a  point  of  interest,  as  in  the  specific  diagnosis 
ex  of  the  teeth  are  given  as  being  straight. 

>rm  and  locality :  Better  Bed  Coal  Shale,  Lower  Coal 
:*es,  I^)vv  Moor ;  and  I^arnsley  Thick  JV»d  Coal  Shale, 
'-    Coal    Measures,   Barnsley ;   both    in    Yorkshire. 

Explanation  of  Plate  XVITT. 

>dus  snh'idfiiis  Hanrlcock  and  Atthey.  Mandible  seen  from 
inner  side.  S.Mn. — Symphysis  of  dentary  bone.  S.  L. 
—  Symphysical  laniary  tooth.  L.T.  2  and  L.T.  3. — 
Second  and  third  laniary  teeth.  L.B.  1  and  L.B.  2. — 
Lrfiniary  bones.  ID. — Tnfradentaries.  Specimen  in  the 
Brighouse    ^luseum,    Yorkshire. 
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NOTES    ON    TIIK    HISTORY    OF    THE    DRIFFIELD    MUSEUM    OF   ANTIQUITIES 

AND    fiEOLOfJIGAI.    SPECIMENS. 

BY    J.    R.    MORTIMER. 

{Ibad  May   2oth,    1900.) 

It  was  the  Great  Jjondon  Exhibition  of  1851  thai  tin;t 
decided  inv  taste  for  scientitic  inquiry.  Afterwards,  Mr.  Edward 
TinihiU's  geolo^xical  and  arclmH>logical  collections  at  Bridlingtim 
lired  nu'  with  a  strong  desire  t^»  make  a  similar  collection. 
A  curious  clialk  cast  was  the  first  specimen  I  obtained,  whilst 
a  small  Aininunite,  which  I  bought  of  Mr.  Tindall,  was  the  dM 
of   its   kind    1    possessed. 

My  brother,  the  late  Rol)ert  ^Mortimer,  of  Fimber,  had  a  like 
love   for   collectinir. 

For  the   tirst   ten  or   twelve   years  tlie  late    Eclward  Timlall 
of     Piridliiigtoii,   and    the    late    George    Pyc(x;k,   of    Malton,  were 
almost  our  only  rivals;  yet  we  accumulated  specimens  but  slowly. 
We   had,   however,  during  this  period,  trained  many  of  the  farm 
servants    in    this    neighbourhood    to   distinguish   and   keep   for  us 
anv  geological  and  arch;vological  specimens  they  could  find.     Tlie 
small   collection   we   then    made    mainly  consisted   of    chalk   fossils 
and    a   very   few   st(»ne    and    tlint    tools.       These  we    exhibiteti  in 
cases    in    my   ollices   at   Fimber.       Small    though    this   display  was 
it  st'cmed  to  stimulate  others  to  imlulge  in  the  same  hobbv,  ami 
soon   our   neighbourhood   was   more  or  less  periodically  visited  hy 
the    thiiteiMi    competitors    hereinafter    named,    and    their    agents 
during  a   period   (»f  about   35   years,  ranging  from    18G1    to   \^%. 
None,    however,    of    these    enthusiasts,    except    Mr.    Tindall    and 
^Ir.   Chadwick,  collected  geological   specimens,   though  all  of  thciii 
w(ue    active    com})etitoi-s    for    stone,    tlint,    and    bronze    weapjiis 
Thev  constantly  visited    the  district,  and  not  infrequcntlv  lx)iiirht 
from  the  very  lieUl  labourers  whojn  we  had  traineil  to  distingui>h 
these  specimens,  by  overbidding  us,  and  so  running  up  the  pric^'-^. 
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The  combined  energies  of  these  gentlemen  would,  I  believe, 
^:>\>tain  from  the  same  area  quite  three  times  the  large  number 
stone,  flint,  and  bronze  tools  and  weapons  that  have  been 
lUected  by  my  brother  and  myself,  now  exhibited  in  the  Museum 
^  Driffield.  If  this  be  the  case  it  should  be  asked,  What  has 
►me  of  so  great  a  number?  In  attempting  to  answer  the 
question   I  will   briefly  refer  to  each  collector's  labours. 

(1.)     The    late    Edward    Tindall,    of    Bridlington,    not    only 
c^ommenced   to  collect  more  than   50  years  ago,  but  he  held   the 
ctlmost    unrivalled    access    to  a  field    rich    from    both   a  geological 
cund    HrchjBological    point  of  view.      Besides   he   was   personally  a 
<liligent   collector,  so  much   so  as  to  call    forth    at   times    uncom- 
plimentary remarks   from  superficial   observers.      On   one  occasion 
"whilst  gathering  specimens  in  a  field  near  the  sea  at  Bridlington 
two    ladies   were    passing,   and    he   overheard    one   remark    to    the 
other,   "Look    here,  that   poor   old    [meaning   demented]    man   we 
saw    last   }'ear   is    here    again,   picking    up    stones    and    throwing 
them  down  again."     These  "stones,"  of  course,  were  the  rejected 
specimens.     I  myself  when  similarly  engaged   have  been  accused 
of  mushroom  gathering. 

Mr.  Tindall  obtained  a  great  number  of  specimens,  but  he 
was  always  ready  to  dispose  of  them  whenever  any  collector,  no 
matter  where  from,  wished  to  buy.  Nevertheless  he  t((nienillv 
had  on  hand  a  considerable  number  of  both  geolo<(ical  and 
archieological  specimens,  and  amongst  them  were  often  some 
choice  ones.  After  his  death  in  1877,  at  the  age  of  G3,  tlie 
collection  he  had  then  on  hand  was  sold.  Part  of  this  was 
obtained  by  Mr.  Robert  Gatenby,  of  Bridlington ;  but  what 
became  of   the   remainder   I   do   not   know. 

(2.)  The  late  Mr.  George  Pycock,  of  Mai  ton,  made  a  col- 
lection, which  he  sold  many  years  ago  to  the  late  Dr.  Rooke, 
of  Scarborough,  and  it  is  now  in  Dr.  Rooke's  son's  private 
museum    at    Scarborough. 

(3.)  The  Rev.  Canon  Green  well,  of  Durham,  amassed  a  large 
number  of  valuable  specimens  (independently  of  those  he  obtained 
from    his    excavations    of    the    barrows),    the    greater    number    of 


1*0         moktimer:   the  historv  of  the  driffield  museum. 

wliich  were  iratliertKl  from  the  surface  of  the  Wold  hills  and  the 
iininefliate  nei<rhl><»urli(HMl.  These  the  Canon  sold  in  Julv,  1S95, 
to  Dr.  Stur<:e,  of  Nice,  and  they  are  now  in  the  south  of 
Frjince,   to    the   irreat    loss    of    Ejist    Yorkshire. 

(4.)  The  late  Freflerick  Porter,  of  Yetiinghani,  had  gathered 
toilet  her  .several  hundreds  of  stone  and  flint  tools,  among  which 
were  some  j^cmhI  s{>ecimens.  He  disposed  of  a  portion  of  them, 
T  believe,  to  the  Rev.  Canon  Greenwell,  but  I  do  not  rememher 
what  l)ecame  of  the  others  when  he  removed  from  Yedinjjham 
to  Jersey  in    1^68. 

(5.)  The  late  ^Ir.  Charles  Monkman,  of  Malton,  was  for 
a  considerable  time  an  energetic  collector.  Some  of  his  best 
s])ecimens  fell  into  the  hands  of  the  Rev.  Canon  Greenwell,  and 
a   few  wer(»   obtained   for  the  York   Museum. 

After  his  death,  on  April  13th,  1875,  the  remainder  were 
<|uickly    dispos(vl    of   by    his    wife ;    but    I    am    ignorant  of  their 

pi'esfMit    wherealxmts. 

(G.)  The  late  Charley  ?Iartley,  of  Malton,  obtained  many 
s]»eeini(»ns  of  both  flint  and  stone  implements  from  the  same 
colleotin;^^  i^round.  These,  about  the  yea-r  1875,  he  sold  to  tin* 
late  Mr.  William  Robinson,  of  Hough ton-le-Spring,  near  Durham, 
who  had  a  larije  collection  gathered  from  all   parts. 

Mr.  Hartlev  afterwards  marie  a  second  collection  which,  after 
his  death  on  Septeml)er  7th,  1883,  was  disposed  of,  and  the  best 
of   these   s])ecimens   were  also  bought   by   Mr.   Robinson. 

(7.)  The  late  Rev.  James  Rol)ertson,  Curate-in-charge  of 
Barton-le-Street,  also  for  several  yeai-s  periodically  \'isited  the 
])art  of  the  Wolds  from  which  I  obtained  my  collection,  and  he 
{iroeured  a  large  number  of  prehistoric  relics.  Most  of  these, 
T  have  been  told,  he  disposed  of  in  1870  to  Mr.  John  Evans 
(now  Sir  John  Evans),  Xash  Mills,  Heniel  Hampstead,  and  in 
1877  my  brother,  the  late  Robert  Mortimer,  purchased  the  re- 
maininLC   portion   of   Mr.   Robertson's    collection   for   £>2o. 

(S.)     ^Ir.    George    f^dson,   also    late    of    Malton,    was   a   very 
careful    and    industrious    collector    of    all    kinds    of    specimens  of 
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«rch{eolo«^ical  interest,  both  as  an  agent  to  Canon  Green  well  and 
on  liis  own  account.  When  leaving  Mai  ton  he  sold  his  collection 
by  auction  on  May  8th,  1891,  and  many  choice  specimens  were 
disposed  of  to  various  purchasers,  a  few  going  to  the  York  and 
Mai  ton  Museums. 

(9.)  The  late  Thomas  Allerson,  of  Norton,  near  Mai  ton, 
was,  like  Mr.  Edson,  constantly  being  brought  into  contact  with 
the  farm  servants  and  other  field  labourers  when  on  his  business 
journeys  in  this  neighbourhood,  most  of  whom  had  then  bt^come 
well  skilled  in  distinguishing  the  value  of  different  specimens. 
They  were  also  quite  ready  to  take  advantage  of  the  extra 
prices  to  \ye  obtained  from  the  rival  purchasers  then  in  the 
market.  So  keen  was  this  competition  at  one  time  that  to 
retain  our  hold  of  the  market  we  distributed  handbills,  offering 
rewards,  consisting  of  money  and  a  free  pass  to  the  Leeds 
Exhibition  in  18G8,  to  those  who  would  supply  us  with  the 
greatest  number  of  articles  of  various  kinds.  In  1873  Mr. 
Allerson  had  obtained  a  considerable  number  of  pre-historic 
relics,  which  he  then  wished  to  sell,  and  he  offered  them  to 
me.  These  I  purchased  of  him,  and  they  are  now  in  the 
Museum   at  Drittield. 

(10.)  My  friend  Mr.  Thomas  Boynton,  of  Bridlington  Quay, 
hiis  a  large  and  clioice  collection  of  stone,  tlint,  and  bronze 
weapons,  of  local  origin  ;  as  well  as  a  few  from  the  south  of 
England  and  other  districts.  He  also  possesses  many  very 
beautiful  flint  and  chert  arrow-heads  and  various  instruments 
from  America  and  other  countries,  lie  is  frecjuently  adding  to 
his  very  fine  collection,  which  should  certairdy  be  purchased  to 
remain    in    East   Yorkshire. 

(11.)  The  late  Rev.  Thomas  J.  Monson,  of  Kirby  Under- 
dale,  was  merely  one  of  Canon  Greenwell's  collecting  friends  in 
this  neighbourluMxJ,  and  after  he  had  purchased  a  f(*w  specimens 
picked  up  by  the  farm  servants  he  forwarded  them  to  the  Canon 
without  having  any  further  interest  in  the  matter,  or  knowing 
more  about  them.  The  probability  is  that  the  district  was  not 
very   much   impoverished   by  his  labours. 
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(\'2.)  ^^r.  Robert  Gatenby,  of  Bridlington,  ha.s  obtained 
.several  Inindreds  of  flint,  stone,  and  bronze  specimens,  a  few  of 
which  «ire   very   fine  ones.     He  is  still  adding  to  the  number. 

(13.)  Mr.  Samuel  Chad  wick,  late  of  Malton,  who  emitted 
to  New  Zealand  in  1895,  was  a  very  energetic  collector  of  both 
fossils  and  implements.  His  business  occupation  brought  him 
fiecjuently  among  the  farm  labourers  and  quarrymen  in  the  runl 
disti'icts.  This  lijave  him  exceptional  opportunities  for  obtaiiiing 
a  considerable  quantity  of  specimens,  and  for  a  considerable  time 
he  was  my  most  active  rival.  That  Mr.  Chadw4ck  made  g««od 
use  of  these  facilities  the  contents  of  the  Malton  Museum  give 
am[)le  proof.  This  fine  and  large  collection,  gathered  almost 
entirely  from  the  neighbourhood,  also  is  sufficient  evidence  of  his 
cnerirv  and  knowledi'e  as  a  dili<'ent  collector.  Besides  tho# 
placed  in  the  Malton  Museum  he  supplied  many  specimens  to 
the   York    Museum,  and  a  few   to  other  places. 

Hicre  were  also  a  few  minor  cc)llectors  whose  united  labours 
have   assistcil    to   inqH>verish   this   neighbourhood. 

For  the  last  few  vears  almost  the  onlv  local  collectors  I  have 
had  to  comj>ete  with  are  Mr.  Thomas  Jioynton,  Bridlington  Quay; 
Mr.  Uolxnt  Gatenby,  Old  ]>ridlin<?ton  ;  and  1  may  add  Sir  Tatton 

Sykcs,    IJart.,   of   Sle(lmere. 

COLLKCTIONS    FROM    THE    BaRROWS. 

Hitherto  I  have  only  referred  to  the  collections  of  sp>ecimeiis 
whicli  have  been  obtained  fnmi  the  surface  of  the  land,  or  other- 
wise  accidt^ntallv  found. 

• 

In  addition  to  these,  four  valuable  collections  of  Ancient 
Ihitish  and  Annlo-Saxon  relics  have  been  obtained  by  excavatinir 
the   ])arro\vs   of   this   district. 

(I.)  The  late  Lord  Londesboroui^h  explored  a  great  imraber 
of  barrows  in  this  neiglibourhood  during  a  period  of  ten  years, 
ranging  from  1S4-  to  hS')*2,  anvl  the  principal  of  the  articles  he 
then  discovered  were  placed  in  Ids  nuiseum  at  Grimston.  Aft^r 
his    lordship's    d<'ath,    wh(m    the    house    and    estate    at    Grim-ston 
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were  sold  (about  1872),  the  contents  of  the  museum  were  dis- 
persed. Afterwards  (in  1888),  a  portion  of  the  relics  were  sold 
by  auction  by  Messrs.  Christie,  Manson  «k  Wood,  at  their  rooms, 
King  Street,  St.  James',  London. 

Of  the  present  whereabouts  of  this  largo  collection  (except- 
ing a  small  portion,  including  some  rare  specimens  from  a  barrow 
at  Kelleythorpe,  near  Driffield,  which  at  the  above  sale  found 
its  way  to  the  British  Museum)  I  know  nothing.  I  fear,  how- 
ever, that  the  whole  of  it  is  lost  to   East  Yorkshire. 

(2.)  The  late  James  Sil bourn,  of  Pocklington,  during  the 
years  1851-2  opened  several  of  the  barrows  in  the  neighbourhood 
of  Huggate  and  Warter.  Since  then  I  have  reopened  nearly 
the  whole  of  these  particular  barrows,  as  I  could  not  distinguish 
before  excavating  which  of  them  had  been  opened  by  Mr.  Silbourn. 
I  found  that  he  had  placed  a  strip  of  lead  on  which  his  name 
was  stamped  in   several  of  the  barrows  he   had   opened. 

In  the  spring  of  1852  Mr.  Silbourn,  during  an  exploration 
in  stormy  weather,  took  cold,  which  brought  on  inflammation, 
and  so  caused  his  death.  After  this  regrettable  circumstance 
the  pottery  and  many  other  relics  he  had  obtained  from  the 
barrows  were  sold  by  his  relations,  and,  like  the  previously-named 
collection,  their  fate  is  unknown  to  me,  excepting— as  in  the 
previous  instance — a  very  small  pi^rtion,  which  is  now  in  the 
British    Museum. 

(3.)  The  Rev.  Cancm  Greenwell,  of  Durham,  during  a  period 
of  30  years  (1864-1894)  excavated  upwards  of  300  barrows  on 
the  chalk  wolds,  immediatc^ly  adjoining  my  field  of  research.  An 
account  of  the  greater  numl)er  of  these  he  published  in  his  work 
on  "British  Barrows"  (1877).  The  illustrations  and  descriptions 
in  this  very  valuable  bo<:)k  clearly  indicate  what  a  large  treasure 
of  relics  was  then  obtained.  That  all  these  have  l^een  placed 
in  the  British  Museum,  and  are  now  entirely  lost  to  East  York- 
shire,   their  legitimate  home,  is,  I   think,  much   to  be   regretted. 

(4.)  And  lastly,  I  have  myself  explored  nearly  the  whole 
of  a   series  of  the  Wold  barrows  on  an  area  of  about  80  square 
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inil('<,  between  1861  and  the  present  time.  That  I  have  safely 
l)reserve(l  tli(»  relics  discovered  during  these  researches  the  cun- 
tents  of  the  nuiseuin  at  Driffield  will  testify.  I  also  posses 
alxnit  1,000  drawin*^  *  which  my  daughter  has  made  for  me,  of 
Jill  the  t)bjeots  of  interest  which  I  have  discovered;  and  I  have 
in  addition  ji  full  type-written  description  of  the  results  of  aO 
niv  excavations. 

And  I  may  say  that  the  procuring  and  arranging  of  this 
collection  has   IxM'n   one  of   the  greatest  pleasures  of   mv  life. 

That  this  collection  sliould  belong  to  and  remain  in  the 
district  has  been  and  is  my  great  and  constant  desire.  Unfor- 
tunately, however,  T  cannot  afford  to  offer  it  as  a  free  gift ;  bot, 
to  })rove  my  great  anxiety  for  its  remaining  in  the  neighbour- 
hoc  xl,  I  havt»  ollered  it  to  the  East  Riding  County  Council  at 
half  its   value. 

Prolmbly  such  a  transaction  by  a  County  Council  might 
seem  to  be  a  little  in  advance  of  the  times ;  nevertheless,  a  time 
will  come  when  such  a  thing  will  be  done,  and  if  the  East 
Hiding  County  Council  accept  this  offer  they  will  never  regret 
being  one  of  the  pioneers  in  such  an  advanced  and  enlightened 
step. 

From  the  memoranda  I  have  just  given  it  is  sad  to  observe 
that  of  all  the  collectors  I  have  referred  to,  including  myself, 
only  six  are  now  living.  It  is  also  to  be  lamented  that  of  the 
fourteen  collections  named  only  four  remain  in  the  neighbour- 
hood, these  being  in  the  Driffield  and  the  Malton  Museums 
resju'ctively,  and  those  lx*longing  to  Mr.  Thomas  Boynt<jn  and 
Mr.  Kobert  Oatenby.  Of  the  other  ten,  nine  are  mainly  absorbed 
by  j)ublic  and  private*  nmseums  in  distant  parts  of  the  country, 
or  have  otherwise  disappeared  ;  whilst  a  great  portion  of  one  (the 
most  important  of  th<»  ten)  has  bt^en  removed  so  far  as  the  JSouth 
of   France. 

It  is  still  more  to  be  regretted  that  three  of  the  most 
valuable    collections  of    the  four  namerl   explorers   of  the  barrows 


Some  of  thcHc  were  exliihited  wlien  tlie  pajwr  was  read. 
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(▼iz.,  that  of  the  late  Lord  Londesborough,  the  Rev.  Canon 
Greenwell,  and  the  late  James  Silbourn)  have  been  dispersed  and 
are  last  to  their  native  East  Yorkshire. 

Such,  unfortunately,  must  be  the  fate  of  all  private  collec- 
tions, if  not  permanently  fixed  during  the  life  of  their  original 
owner,  as  it  far  too  frequently  happens  that  that  which  one 
generation   gathers   the   next   generation   scatters. 

I  have  said  "  more  to  be  regretted "  because  it  is  possible 
tiiat  some  future  collector  might  obtain  a  small  collection  of 
specimens  from  the  surface  of  the  land,  but  to  make  another 
collection  from  the  barrows  of  this  district  would  be  quite  an 
impossibility,  as  they  are  practically  exhausted. 

From  these  lamentable  facts  it  is  evident  that  the  neighbour- 
hood has  been  deprived  of  a  great  number  of  its  precious  relics, 
which  were  a  valuable  legacy  left  by  our  ancient  forefathers, 
and  by  right  should  have  remained  and  belonged  to  the  present 
and   all  future  occupants  of   the  district. 

These  valuable  remains  are  almost  the  only  reliable  records 
of  the  customs  and  mode  of  living  of  our  remote  ancestors. 
They  are  the  fossil  history  of  the  district,  and  they  must  always 
be  of  the  greatest  interest  to  the  neighbourhood  in  which  they 
have  been  found.  It  is,  therefore,  our  bounden  duty  to  provide, 
as  far  as  possible,  for  their  safe  keeping  in  the  district.  Never- 
theless, I  have  shown  that,  unfortunately,  during  the  last  thirty- 
five  years  this  district  has  been  innnensely  impoverished  of  its 
archaeological  treasures.  And  it  is  much  to  be  regretted  that 
even  at  the  present  time  the  tendency  is  to  favour  the  removal 
to  distant  collections  any  relics  which  are  found  in  this  neigh- 
bourhood, rather  than  assist  to  retain  them  in  the  district  to 
which  they  belong  by  inheritance.  8uch  instances  have  recently 
come   under  my  notice. 

At  present,  only  three  of  all  the  eighteen  collections  I  have 
referred  to,  viz.,  fourteen  consisting  of  specimens  obtained  from 
the  surface  of  the  land,  and  four  from  the  excavations  of  the 
barrows,   remain  in   East  Yorkshire. 


it6 
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Surt-ly  the  Eiut  Riding  potuesaes  some  governing  bodf  d 
ii'  it  i»  tu<>  late,  will  see  the  wiHioin  of  permuientlif  pM 
iijl    tlieM>,   and   liaitding   tliem   down   to    fntnn.'    govu 
1.4  u   Kuun-i>  nf   educiition  and  a  treamire  of   permanent  t 
district.    ^Vhen  this  is  accompluhed,  and  j 
i'<jli<.-ction  bcloiigH  for  e\-er  to  the  diatriot,  it  wiQ  \m  e 
loniitiiiiiN  »f  relics  fnund   in  and  helaaginn  to  tlie  1 
I   (riithtr   tlian    tlic  specimena   be  seat   to    ilii>t«nt  t 
re   ti«-y  ean   unly  be  of   minor   value),   uiij    in    i 
iiid   will  lievoino  a.  lar(^  and   very  valamblc*   i 


U'f. 


th 


I1.1 


P^.  VorU  Geo/,  md  Poiyttf.  S<X.,   Vd.  XIT.,  Pltttt  XXI 


97 

3n  /IBemoriam. 

RICHARD    REYNOLDS,    F.C.S. 

Mr.  Richard  Reynolds,  who  was  elected  a  member  of  this 
;ty  in  the  year  1864,  served  as  a  member  of  its  Council 
1870,  and  was  elected  a  Vice-President  at  the  Annual 
:ing  at  Bradford  in  1894,  died  at  his  house.  Cliff  Road, 
e  Park,  Lee<ls,  on  April  5th,  1900.  He  was  known  and 
3d  by  all  students  of  science  in  Leeds,  and  one  might  almost 
in  Yorkshire.  A  short  account  of  his  useful  but  unostenta- 
i  career  will  be  of  interest  to  those  who  worked  with  him 
io  many  years. 

Mr.  Reynolds  came  of  an  old  Quaker  stock,  being  descended 

I    John    Gurney,   the    "prisoner   of    Norwich,"   who    was   shut 

luring  three  years    in   gaol  for  refusing   to  take  a  prescribed 

He   was   born   at  Banbury   in    1829,  being  the  eldest  son 

n  apothecary,   who  died   when    the    boy   was  only  four   years 

At  fourteen  Richard  Reynolds  left  school,  and  was  appren- 
l  to  James  Deane,  a  chemist  on  Clapluim  Common.  Had 
training  been  prolonged  he  would  have  made  an  excellent 
lar,  for  his  aptitude  for  science  was  remarkable,  and  his 
vledi^e  of  books  was  in  after  years  that  of  a  cultivated  man. 
^pite  of  a  scanty  education  he  was  able  to  take  the  lirst 
?s    in   lx)th   botany   and   cliemistry   at   the  very  first   examina- 

held  by  the  Pharmaceutical  Society.  Tfiis  early  distinction, 
some  relationship  between  the  Deanes  and  the  Harveys,  may 
'  brought  Reynolds  to  r>eefls,  where  he  soon  Ix^camo  partner 
he  late  Thomas  Harvey.  The  firm  of  Harvey  it  JU'ynolds 
nie  very  prosperous,  but  it  is  remarkable  not  only  for  its 
nercial  success,  but  for  the  public  services  of  members  of 
firm.  William  West,  F.R.S.,  Thomas  Harvey,  and  Richard 
nolds  kept  up  for  at  lea.st  eighty  years  a  succession  of 
vated  and  public-spirited  citizens — all  good  friends  of  science 

education.  Jk)th  West  and  Reynolds  Ijecame  in  succession 
irers  on  chemistry  at  the  Leeds  Medical  School,  and  Hon. 
etaries  to  the   Leeds  Philosophical  and  Literary  Society. 
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The  great  service  which  Reynolds  was  privileged  to  render 
to  his  own  generation  and  to  his  adopted  county  was  connected 
with  the  foundation  of  the  Yorkshire  College.  He  was  Hon. 
Secretary  to  the  College  during  its  first  critical  years,  and  bat 
for  his  diligence,  sagacity,  and  knowledge  of  men,  the  College 
could  hardlv  have  surmounted  its  early  difficulties.  For  ten  v«k 
he  was  its  mainspring,  and  no  sacrifice  of  time  and  labour  seemed 
too  great,  if  only  he  could  thereby  carry  the  great  project  one 
step  nearer  to  complete  realisation.  The  Yorkshire  College  is, 
to  those  who  know  its  inner  history,  a  lasting  monument  to  lus 
indefutiguhle,  though,  of  course,  not  unaided   exertions. 

Mr.  Kevnolds  was  active  in  other  directions  also.  In  1881 
he  was  called  upon  to  preside  over  the  Pharmaceutical  Conference 
during  its  meeting  at  York,  and  wherever  he  saw  a  prospect  of 
public  usefulness,  he  was  ready  with  his  counsel  and  support 
In  })rivate  life  he  was  the  same  amiable  and  modest  man  thit 
we  knew  so  well  in  public — energetic  without  fuss,  well-informed 
without  parade.  Ix'eds  and  Yorkshire  want  a  succe^ssion  of  such 
men,  but  we  are  not  so  sanguine  as  to  anticipate  that  the  want 
will   be  re<'ularlv  met.  L.   C.   Miall 
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The  Society  continues  in  a  prosperous  condition,  and  the 
Report  of   the   year's  work  is  of   exceptional  value   and    interest. 

The  roll  now  consists  of  6  honorary  members,  53  life 
members,  and  115  subscribing  members,  a  net  increase  of  9  on 
last  year's  record. 

It  is  with  deep  regret  that  we  have  to  report  the  decease 
of  four  members,  Messrs.  Ernest  Haworth  and  J.  F.  lanson,  of 
Wakefield ;  Mr.  Henry  Nelson,  of  Ijeeds,  who  had  been  a  member 
for  24  years  and  died  on  May  20th  at  the  advanced  age  of  85 ; 
and  the  Earl  of  Wharncliffe,  who  for  CO  years  had  taken  a  deep 
interest  in  the  welfare  of  our  Society  (having  been  elected 
a  member  in  1839),  and  had  served  as  a  Vice-President  during 
that  period. 

The  first  General  Meeting  and  Field  Excursion  for  1899  was 
held  at  Todmorden  on  June  7th  and  8th.  The  members  were 
met  at  Todmorden  on  June  7th  by  Mr.  Robert  Law,  F.G.S., 
who  acted  as  leader  in  a  very  efficient  manner,  and  proceeded  by 
wagonette  to  Summit  Inn.  A  detour  was  made  to  the  adjoining 
moorland  to  trace  one  of  the  feeders  of  the  Calder  to  its  source. 
Interesting  slickensided  grit  rocks  were  examined  by  the  way. 
After  lunch  at  Summit  Inn  the  party  examined  a  section  in  the 
Third  Grits  overlaid  by  drift  full  of  foreign  boulders  in  the 
adjoining  V)rickyard.  Thence  a  visit  was  paid  to  some  interesting 
landslips  on  the  eastern  side  of  Snoddle  Jlill  Reservoir,  forming 
five  or  six  parallel  ridges  covei'ed  with  blocks  of  gritstone.  The 
leader  then  took  the  party  to  view  good  sections  in  the  Third 
Grit  beds  in  tlie  Light  Hazel,  Long  L(.'es,  and  Warland  Quarries 
He  pointed  out  two  thin  coal  seams  l>etween  which  there  is 
a  band  of  calliard  rock  full  of  stigniarian  rootlets,  and  whicli,  he 
said,  was  persistent  over  a  wide  area.  In  each  quarry  drift  beds, 
enclosing  Lake  District  boulders,  were  found  overlying  the  grit 
rocks.  At  the  Summit  Brickyard  the  nodules  and  black  shales 
were  successfully  searched,  yielding  many  fossils.     Most  important 
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anion*;  tlit*.se  were  nine  specimens  of  fish,  on  which  Mr.  E 
Wcllburn,  F.(J.S.,  reports  that  tliree  were  CUelaranthnu  and 
(liflrrent  pala-nniscal  fishes  which  appear  to  \ye  new  to  Sci^ 
and  rcrtainlv  are  new  U^  tlie  Millstone  Grits.  The  other  firs 
which  two  ;;oo(l  s})cciniens  were  obtained,  proved  to  \ie  EUmi: 
Alfh'ui  (Tra<juair),  which  is  an  interesting  find,  having  only 
Ix'foro  Invn  found  in  the  Yorkshire  Grits,  and  that  s^pec 
havintr   been   lost    makes   the  present  find  of  considerable  vs 

After  dinner  the  General  Meeting  was  held  at  the  T 
Hart  Jlotel,  Todmord(Mi,  under  the  pre^idencA'  of  Mr.  Wi 
Cash,  F.(t.S.,  Treasurer  of  the  Society.  Eleven  new  mei 
wer(»  elt'C'ted.  An  address  was  delivered  by  Mr.  Percj'  F.  Kei 
F.(i.S.,  on  ''The  Physical  History  of  .the  Calder,"  followefl  \ 
outline  of  "The  General  Geology  of  Upper  Calderrlale. 
.Mr.  Robert  I^^iw,  F.G.S.  After  the  papers  had  been  i-ead 
was    a    vii^orous    discussion. 

On  .luin'  Sth  the  partv  went  bv  train  to  Portsmouth  St 
and  ascMMidrd  (Jreen's  Clough.      A  fine  section  of  the  \vhole  <i 
Millstone  (Jrit    beds   above  the  17j)per  Kindei'scout  is  exjjo*; 
this   Clough,    dipping    south-west.     As   the   moor   was  crosse* 
old  workings  for  the  coal  seams  which  cropped   out  on  the  hi 
wciT   scrn.     At   Shariiey   Ford   are  extensive  tip   mounds,   d 
the   wuikiiig    of   the  flagstones,   which  are  the   ecjuivalents  o 
Ellaiid    Flags    of    adjoining    districts.      In    descending    Didc 
visits     wor«*     paid     to      workings     in     the     Forty     Yaixls' 
and    Canister    coal-seams.     The    leader   pointed   out    the   j>lac 
which    seNcral     faults    crossed    the    vallev,    and    a    foot -thick 
s(^ani    in    the    middle    of    the    Hough     l^ock    was    examintKl, 
photogiaphed     by-    Mi'.    Godfrey    Kingley.       I>aum-pots     and 
balls    were   examined    for   fossils,   in   some   of  which    small   Ik 
were  found   lilled  with  petrolrum.     The  weather  was  nio.st  fti 
able  and  the  attendance  good,  and   before  separating  a  very 
vote  of   thanks   was  aecorded  to  Mr.   Robert  Law,   F.G.8.,  f< 
able   leadership. 

The    summer    General     fleeting    was    held    at     8tokesle 
Friday,  August  4th,  and    was  associated  with   an   interesting 
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33ttendecl   Field    Excursion   for   the   examination  of   the   northern 

slopes  of  the  Cleveland  Hills.     On  Friday,  August  4bh,  the  party 

^rere    met   at   Sexhow  Station,  and   the   way  was   taken    through 

^lie    picturesque  village  of   Carlton    to   Carlton    Bank,  which  was 

mscended.     The  spoil-heaps  of   the   old   jet  workings   were  passed 

OB    the   way,  and   a   good    exposure    of    the    fossiliferous    Middle 

Xiias   was  examined.       An    inspection   was  also   made   of   the   old 

workings   of    the   Carlton    Alum    Works.      Raisdale   was   crossed 

aad  several  foreign  boulders  were  picked  up  en  route.     The  party 

then    clambered   round   the   steep   escarpment   of    Cringley    Moor, 

and    an    ascent    made    to    a    fine    exposure    of    the    Dogger    on 

the    flank    of    Cold    Moor.       This    deposit   is   of   great   interest, 

being   full  of   Wv^ll-rounded   pebbles   of  a    white   limestone    which 

has  not  been  identified    with  any  known   rock.     The  matrix  was 

full     of   fossils,    and    one    of     the     largest    pebbles    was    a     fine 

specimen  of   ThamnastnvA.      Crossing    the  moorland   Bilsdale  was 

reached   and  the  ascent  made  to  the   Wainstones,  a   picturesque, 

weathered    escarpment   of   the   Tjower    Estuarine  Beds. 

Hasty  Bank  was  then  descended  to  Greenhow  Park,  and 
the  party  returned  by  wagonette  to  Stokesley.  After  dinner 
at  the  Bay  Horse  Hotel,  the  General  iMeetin*^  was  held  under 
the  presidency  of  Mr.  Robert  1^11  Turton,  of  KildaU^  Hall. 
A  paper  "On  the  Roman  Roads  in  the  Eiist  Riding  of  York- 
shire'' was  read  by  the  Rev.  E.  Maule  Cole,  M.A.,  F.G.S.,  and 
one  *•  On  a  Peat  Deposit  at  Stokesley  "  by  tlu;  Rev.  John  Havvell, 
M.A.,  F.G.S.  Mr.  P.  F.  Kendall,  F.G.S.,  gave'  a  description  of 
some  recent  and  interesting  evidence  on  the  condition  of  Cleve- 
land in  the  glacial  period,  which  tended  to  })iove  that  the  mouth 
of  the  Tees  was  choked  by  the  North  Sea  ice  when  the  Tersdale 
glacier  pushed  its  way  into  Cleveland.  I'he  highest  level  Drift 
deposits  along  the  slopes  of  the  Cleveland  Hills  consist  almost 
entirely  of  erratics  of  a  northern  type,  which  would  hardly  have 
been  the  cas<'  had  the  Teesdale  glacier  obtained  an  earlier  access 
to  the  sea.  Subse(iuently  by  the  retreat  of  the  North  Sea  glacier 
the  western  stream  was  able  to  push  out  seawards  ^and  force 
its    way    along    the    shoreline    to    the    south.     During    this    period 
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Mr.  Fox-Straii'^wavs  liad  sliown  that  the  Vale  of  Pickerinir  was 
bl<M'k(Ml  by  tho  ice  and  b(»caine  a  great  lake.  Similar  rtfas^Mr 
i\v^  said  Mr.  Kciulall,  would  re(juire  an  extra  morainic  lake  in 
P>kdal(\  in  Kiklale,  and  at  many  other  points  along  the  ed^-e  d 
tlie  ice.  Evidences  of  these  lakes  were  found  all  round  the 
Cleveland  Hills.  The  overflows  were  over  soft  rocks  and  the 
lake-levels  e(>nse«|uently  fell  too  rapidly  for  the  formation  of 
marked  beaches,  but  the  presence  of  numerous  overflow  vallevs 
revealed  the  history  of  the  glacial  lakes  and  their  vaning 
draina.Lce  in  a  very  interesting  manner.  These  papei*s  were  fol- 
lowed bv  a  discussion,  in  which  ^lessrs.  F.  F.  Walton,  J.  W. 
Statlici',  1'].  Hawkesworth,  and  AV.  L.  Carter  took  part,  tlie  readers 
of  the  }»a|HMs  responding.  A  v<»te  of  thanks  was  passeil  tu  ilw 
Cliainnan,  the  Lea<ler,  and  the  Headei's  of  Pap<»rs,  and  Mr.  Tnrton 
brielly   re])lied. 

The    second    dav's    Field    Excursion   was    taken    bv  wasonPtte 
to    (Ileal    Avion,   where    a    visit    was    paid,   un<ler    the   Rev.  John 
llawellV     guidance,    to    the     workings     in     the     Cleveland    dvke. 
These    are    now    carried    some    distance   beneath     the    surface  bv 
mining    operations     giving    an     int<*resting     series     of     exj)rKsures. 
After    seai'chiiig    the    old    ironstone    spoil    heaps    for    fossils,  awl 
examining    a    gravi'l    ])it,   in    which    shell    fragments    were   found, 
the    ascent    ot'    IJosebeny    Topping   was    made    and    the    extensive 
view    admiivd.      Th«-nc(»    a    detour    was    made  over    Avton    Mw>r, 
on     which     some     interesting     barrows    and     entrenchments    weie 
seen,    to     Lonsdale,    and     thence    through     the    wochI    to    Kildale. 
Near    Kildale    Kail  way    Station    a    dep(jsit    of    shell  marl    of   p«»st- 
glacial   ai^a\   full   of  shells,   was  examined.      In  the  overlving  fieat 
de[)osit    antlers    of    tlu^    reindeer    have    been    found.         The    j^th 
through    Kildale    Wood    was    then    taken    to    Dundale   Beck,  and 
the   return   journey   made   by  wagonette   to   Stokesle}'. 

In  connection  with  the  Yorkshire  Naturalists'  Union  Excur- 
sion on  l>ank  llolidav  Mondav,  an  extension  of  this  sreidoirical 
route  was  ai-ranged.  The  party,  led  by  the  Rev.  John  Ilawell. 
ascended  Hasty  Rank,  and  ex/imined  a  good  exposure  of  Middle 
Lias.     The    watershed    was    then    cros.sed    to   view    a    prettv  little 
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overflow  valley  into  Bilsdale,  and  then  began  a  long  and  tiring 
moorland  tramp  round  tlie  Ingleby  Greenhow  embayment.  Botton 
Head  tumulus,  the  highest  point  in  Cleveland,  was  ascended ; 
an  exposure  of  erect  Calamites  was  examined,  and  some  of  the 
party   had  a  peep  into  the  beauties  of   Basedale. 

Tlie  meeting  of  the  Yorkshire  Naturalists  Union  was  held 
in  the  schoolroom  at  Ingleby  Greenhow,  presided  over  by  the 
President  of  the  Union,  Mr.  Wm.  West,  F.L.S.,  of  Bradford, 
and   was  attended  by  several   of   our  members. 

A  smaller  party  arranged  an  extra  excursion  on  Tuesday, 
August  8th,  under  the  guidance  of  Mr.  P.  F.  Kendall,  F.G.S., 
to  the  moorlands  north  of  Eskdale,  to  examine  the  evidences  of 
glacial  action.  From  Commondale  Station  the  route  by  the 
brick  works  was  taken  to  High  Moor,  where  exposures  of  gravel 
containing  boulders  of  the  northern  type  were  examined.  In 
the  highest  of  these,  about  810  feet  al>ove  O.D.,  a  small  boulder 
of  rhomb-porphyry  was  found  by  Mr.  J.  W.  Stather.*  Thence 
a  traverse  was  made  across  Moorsholm  Moor,  and  several  interest- 
ing notch-like  valleys  were  inspected  cutting  across  the  usual 
drainage.  These  valleys  were  explained  as  lines  of  drainage  for 
the  water  along  the  ice-front  at  various  stages  in  its  advance 
and  retreat.  Tlie  return  to  Dan  by  Station  was  made  by  a 
wide  overflow  vallev,  which  must  fiuve  carried  a  vast  vohime  of 
water  at  the  time  of  its  excavation,  but  which  is  now  peat- 
logged  and  hardly  carries  any  running  water  at  all.  At  the 
lower  end  of  this  valley  of  glacial  overflow  there  is  a  great  delta 
deposit  reaching  down  towards  Danby.  After  visiting  a  deposit 
of  finely  laminated  mud  at  the  Danby  Brick  Works,  which  had 
been  deposited  by  the  Kskdale  extni-iiiorainic  lake,  the  party 
separated  with  hearty  thanks  to  the  genial  and  indefatigable 
leaders  for  the  splendid  series  of  excursions  which  they  had 
arranged. 


*  This  VKHildtT  is  figured  in  Dr.  A.  R.  Wallace's  '*  Studies,  Scientific 
and  Social,"  Vol.  I.,  p.  86.  No  other  Scandinavian  boulder  has  been  found 
at  80  high  an  altitude  in  England. — P.  F.  K. 
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At    the    April    Council     Meeting    a    letter    was    read 
Mr.  .1.    H.    Ilowarth,   F.G.S.,  emlxKlying  a  suggt»sti(m  fur  a 
<Mnnpli'tr  t'XJimination  of  the  iindergn>und   waters  of   Malhan 
Clapliani    by   moans   of   delicate   chemical   tests,  and    convey 
g(»n('rous    olVer    from    Mr.   George    Bray,  of    Headingley,  to 
tlu*    ntTt'ssary    costs    of    such    an    investigation.       This    sugu'i 
was   warmly   adoptt^l    by   the    Council,  and   a   Conunittee,  o: 
inic    «>t"    the    members    of    the    Council,    t4^gether    with    Messr 
Ihay    (Leeds),   F.   Swann,    B.Sc.  (Ilkley),   8.   W.    Cuttriss   (L 
and    Walter   Morrison,   M.P.   (Malham   Tarn),   with    power  t< 
to    tluMr    numlxM-,   was    api)oint<.Hl    to   concluct     the     investij: 
Sul)se(|uently   Messrs.  \V.  Ackroyd,  F.T.C.  (Halifax),  B.  A.  R 
K.l.C.   (b'eds),  .1.   W.    Hroughton    (Skipton),   J.    A.    IJean   C 
field),  and    l*!ofessors    Smithells    and    Procter    and    Dr.  J.  ( 
of    iIm'    Yorkshiiv    College,   were  adde<l   to   the    Committee. 
meetinLCs    of    the    CommitttHi    were    held    in    IxmkIs,  and    a   * 
meetinLT    was    called    at     Malham,    for    June     2Lst    and    '2'2i 
eany    out    the    arrangements    agrcnnl   upon.      Sub-eonunitte<^ 
appointed    to    carry  out    special   gauging,  chemical,  and  gi*<> 
in\  est  igat  ions.       The    whole    of    the    work    was    earrieii    out 
immense    ])ains    and    care,    and     has     result>e(l    in    a    distinci 
to  the  knowledge  of  the  underground  waters  of  Malham  am: 
mo\eiiients.      A  small  sub-connnittee,  consisting  of    Mes.«srs. 
Fennell,    VM.^..  J.  A.   Bean,  F,  W.   Hrans<m,  F.I.C.,  W.   Ac 
F.l.C,   v.  V.  KendalK   F.Ci.S.,  J.  H.   Howarth,  F.G.S.,  and 
Carter,   F.C.S.,  was  a}»pointed  to  draw  up  an  abstract  and  a 
foi'    its    presentation    to    th(»    British    Assoi^iation    at    their 
meetini'.      \\y  desire  of  the  Sub-connnittee  the  abstract  was  < 
by   Mr.   J.    11.    Howarth,  ajH)rov(Ml  at   a  subsetjuent   nu*etin 
]>reM'nted    to    the    Geological    Section    of    the    British    Ass«i 
bv  Mr.  F.   F.   Kendall,  who  also  was  authoriseil  to  apply  fi»r 
stantial  grant   in   aid   of   the   continuation  of    these  investij, 
The  i*<'sults  arrived  at  weie  (Muhodied  in   the  following  .set 
elusions,  which  were  unanimouslv  adoi)ted  bv  the  Sub-eonnni 
1.   The  ol)servations  upon   the  gauges  showed   that  a   t 
water  h»t  in  at  the  Tarn  Water  Sinks  during  a  periovl  of  *J 
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caused  an  increased  flow  of  water  at  Aire  Head  of  much  smaller 
:  volume,    but   longer   duration,    indicating   that   there    must    have 
been  a  "backing-up"  of  water  in  the  intervening  limestone. 

2.  The  unexpected  delay  in  the  appearance  of  the  chemicals 
At  the  outlets  has  been  due  to  a  low  and  quiescent  water-tlow, 
Mad  their  appearance  in  every  case  (except  Scalegill  Spring)  has 
succeeded  a  comparatively  heavy  rainfall,  whence  it  appetirs  that 
the  chemical  solutions  which  had  been  detaine<i  underground 
were  all  subsequently  Hushed  out  at   the  same  time. 

3.  Under  conditions  of  summer  flow,  such  as  prevailed  on 
June   22nd — 

(a)  The  water  descending  at  the  Smelt  Mill  Sink  emerges 
at  Malham  Cove  and  not  at  Aire  Head,  Gordale  Beck,  or 
Scalegill   Spring. 

(6)  The  sinks  below  Malham  Tarn  are  connected  with 
Aire  Head  and  not  with  Gordale  Beck ;  and  under  certain 
conditions,  as  detailed  in  the  report,  ammonium  sulphate 
put  in   at   Tarn   Sinks  emerges  at   the  Cove. 

4.  The  Tranlands  Beck  Water  Sink  is  connected  with  Scale- 
^11    Spring  and   not   with  Aire   Head. 

5.  The  geological  observations  show  that  the  underground 
waters  follow  master-joints ;  tliat  master- joints  north  of  the 
Middle  Fault  run  north-west  and  south-<*ast ;  that  tlie  Smelt  Mill 
water  follows  these  joints  directly,  and  that  probably  the  Tarn 
water  follows  these  joints  to  about  the  ^liddle  Fault  near  (Jrey 
Gill. 

South  of  the  Middle  Fault  the  master-joints  change  to  nearly 
north-east  and  south-west,  and  it  is  inferred  that  the  Tarn  water 
on  crossing  the  fault  adopts  these  joints,  dips  with  the  Pendleside 
Limestone  under  the  Shales,  and  appears  with  the  limestonti  at 
Aire   Head. 

The  Gordale  stream  is  absorlx?d,  and  carried  by  master-joints 
to  the  south-east,  and  it  is  probable  that  it  supplies  the  great 
springs  on  the  east  side  of  Gordale. 

The  thanks  of  the  Council  are  heartily  given  to  all  the 
gentlemen   who   have   so   freely  contributed   of   their   professional 
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ex|x»rit»no(%  time,  and  money  to  attain  tliese  eminently  satisfactonr 
results.  To  Messrs.  W.  Aekroyd,  F.  W.  Branson,  B.  A.  Burrell, 
and  F.  Swann,  for  the  patience  and  care  with  which  the  extended 
series  ot  clu»inieal  tests  were  carried  out ;  to  Messrs.  FenneU 
and  liean  for  nuieli  lalxuir  in  connection  with  the  fixin^z  oi 
the  <rau;4es :  to  .Mr.  Fennell  for  preparin;^  a  large  map  and 
(hawiii<^'  a  liuutj^i*  (ha«;(raiii  and  index-map  for  the  British  Asm)- 
eiation  :  and  to  Messrs.  Kendall,  Ilowarth,  and  Simpson  fur 
eai-eful  siirv(»ys  of  the  limestone,  our  special  thanks  are  due. 
Your  Council  would  also  <;ratefully  acknowk»dge  the  generoiw 
contributions  of  material  for  the  testing  of  the  under^jround 
waters  by  Mr.  Oeoige  Bray,  witliout  which  it  would  have  been 
inipi;u'ti«jil)le  to  carry  out  these  interesting  investigations,  and 
the  arUice  and  help  in  many  ways  of  Mr.  Walter  Morrison, 
M.P.,  an<l  of  .Messrs.  Winskill  and  Townend,  of  Malham.  Mr. 
Godfrey  Binglev  also  has  put  the  Council  under  a  debt  uf 
gratitudt?  by  taking  a  series  of  valuable  photographs  of  the 
in\  estimations. 

We  have  to  announce  with  regret  the  i*esignation  of  Mr.  J. 
Stubbins,    F.d.S.,  a  mendxM*  of  the  Council  for  some  vears. 

The  position  of  Hon.  Auditor  left  vacant  at  the  Annual 
Mrc'tini,'  \\a^  tilled  up  by  the  Council,  who  appointed  Mr.  J.  H. 
Ilowarth,    F.(J.S.,   of    Bradford. 

The  U<v.  W.  L.  Carter,  M.A.,  F.G.8.,  was  elected  Repre 
stMitative  Governor  of  the  Yorkshire  College,  and  Mr.  William 
GrciXNon,  F.(i.S.,  was  appointed  our  Bepresentative  on  the  Cor- 
respoiidini,^  Society's  Committee  of  the  British  Associati<m  at  their 
l>tA('r   meeting. 

In  considering  the  arrangements  for  1900,  the  Council  recom- 
mend that  (ieneral  Meetings  and  Excursions  should  Ix*  held 
either  in  the  neighbourhood  of  Keighley  or  Clitheroe,  and  thai 
an  Excursion  should  b(»  taken  to  the  Cheviots  in  Julv,  to 
examiiu^  the  locks  in  tiifn  from  which  so  many  of  our  Yorkshire 
(M'ratics  ha\e   been  (hu'ived. 

The    Piocee( lings,    Vol.    XML,    Part    4,  which    concludes   the 
volume,   was    issued   t^)    the   meml)ei's   in    Aui'ust.      The    thanks  of 
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,e  Council  are  tendered  to  tlie  gentlemen  who  have  written 
^pers,  drawn  plana,  lent  negatives,  or  in  any  other  way  con- 
iced  to  the  value  of  the  part,  and  to  Mr.  W.  H.  Crofts,  of 
ull,  for  kindly  redrawing  to  an  altered  scale  the  sections 
ustrating  the  late  Mr.  J.  Spencer's  paper  on  the  geology  of 
ilderdale. 

Our  Proceedings  as  usual  have  been  forwarded  to  leading 
fientific  Societies  in  various  parts  of  the  world,  and  publica- 
>ns  in  exchange  have  l^een  received  from  the  following 
xjieties : — 

British  Association. 

Royal  Dublin  Society. 

Royal  Geographi(!al  Society. 

Royal  Society  of  Edinburgh. 

Royal  Physical  Scx;iety  c>f  Edinburgh. 

Royal  Society  of  New  South  Wales. 

Department  of  Mincjs,  Sydney,  N.S.W. 

Nova  Scotian  Institute  of  Science. 

Roval  Institution  of  Cornwall,  Truro. 

Bristol  Naturalists'  Society.  • 

Cambridge  Philosophical  Society. 

Essex  Naturalists'  Field  Club. 

E<linburgli  (Jeological  Society. 

(Joological  Associ'.vtion,  London. 

(ieological  Society  of  I^Midon. 

Leetls  Philosopliical  and  Literary  Society. 

Liverpool  (ieological  Society. 

Liverj)ool  (Jeological  .Association. 

Hanipsliire  Field  Club. 

Hull  Zoological  Society. 

Herefordsliire  Natural  History  Society. 

Manchester  (ieological  Society. 

Manchester  (Jeogra])hical  Society. 

Manchester  Literary  and  Philosophical  Society. 

University  Library,  Cambridge;. 

Yorkshire  Naturalists'  Union. 

Yorkshire  l*hilo.sophical  Society,  Yoik. 

American  Pliilosophical  Society,  Philadelphia,  U.S.A. 

American  Museum  of  Natural  History,  New  York,  U.S.A. 

Academy  of  Natural  Sciences,  Philadelphia,  U.S.A. 
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Ik>.stoii  S<K'ietv  of  Natural  UUtorv,  Boston,  U.S.A. 

KanwiR  ITiiiveniiity,  Lawrenco,  Kansas. 

Witiooiisiu  (ruological   and   Natural    History   Sar^'ey,  Madisoa,  Wk, 

U.S.A. 
(i(^<)I()gical  Survey  of  Minnesota,  Minneapolis,  Minn.,  U.S.A. 
Chiaigo  Academy  of  Sciences. 

Museum  of  Compai-ative  Zoolog}'  at  Harvard  College,  Gambridgr,  ^aa 
New  Voi'k  Academy  of  Sciences,  New  York. 
United  Slates  (Geological  Survey,  Washington,  D.C. 
Klisha  Mitchell  Scientitic  Society,  University  of  N.  Caroliio,  Ckapd 

HilL  U.S.A. 
Xcw  Yiuk  State  Libi-ary,  Alliany,   U.S.A. 
\Vi.>t.'on>»iii  Academy  of  Sciences,  Arts,  and  Letters. 
Smithsonian  Institution,  Washington,  D.C. 
L*A<'ademie  Rovalo  Suedoise  des  Sciences,  Stockholm. 
Sooiett'  Imperiale  Mineralogique  de  St.  Petersburg. 
Societt"  ImiKM-iale  des  Naturalistes,  Moscow. 
Comito  (ieologique  de  la  Russie,  St.  Petersburg. 
Institute)  (Jeologico  de  Mexico. 

SociiMhul  (.'icntitica  *'  Ant<mio  Alzate,"  Mexico  City. 
Australian  Museum,  Svilnev. 

Australian  Association  for  the  Advancement  of  Science,  Sydney- 
Natural  Historv  Society  of  New  Brunswick. 
L' Academic  Kovale  des  Sciences  et  des  Lettres  de  Danemark,  Cop* 

haguc. 
Kaisciliijie     Leopold -Can)l.    Deutsche    Akademie    der    Nalurfoi*^' 

Halle-a-Saale. 
(iL-olngiial  Institution,  Koyal  Univei*sity  Library,  Upsala. 
Inipoiial  L'nivcrsity  of  Tokyo,  Ja))an. 
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RECORDS    OF    MEETINGS. 

Coutici/  Meethiffy  Philosophical  Hall,  Leeds,  April  iOth,  l?f9$. 

Chairman  : — Mr.  J.  T.  Atkinson,  F.G.S. 

Present :- Messrs.  H.  Crowtlier,  C  \V.  Fennell,  F.  W. 
15raiison,  J.  K.  liedford,  E.  D.  Wellburn,  R.  Reynolds,  AV.  Gregsoo, 
G.    Hin^rley,  P.   F.   Kendall,  and  W.  L.  Carter  (Hon.  Sec.). 

The  niinut<\s  of  the  previous  Council  Meeting  were  read  and 
confirnied. 

Jitters  of  regn^t  for  non-attendance  were  read  from  Mwsn. 
S.   Jury,    \V.    Simpson,   and   G.    H.    Parke. 

^Meetings  and  Excursions. — A  Meeting  in  Upper  Calderdale 
was  decided  upon  for  the  examination  of  the  district  round 
Todmorden,  including  the  sources  of  the  Yorkshire  Calder,  abort 
June    7th. 

It  was  decided  to  hold  the  Summer  Meeting  and  the  Field 
Excursion  in  the  Cleveland  district,  from  August  5th  to  8tli, 
the   head<iuart(»rs   to   Ix^   at   Stokesley. 

It  was  resolved  to  hold  the  next  Annual  General  Meeting 
at    Halifax. 

Uesigiiatinn  and  Kl('(ti(»ns.  The  Hon.  Secretary  reported 
that  ^Ir.  J.  Stubbins,  F.G.S.,  had  resignetl  his  nieml)ership  «i 
the  S(jcietv  and  his  seat  on  the  Council.  Resolved  tliat  !» 
resignation  be  accepted  with  regret,  and  that  the  tilling  up  d 
the   vacancy    be   postponetl. 

Mr.  J.  H.  Howarth,  F.G.S.,  was  appointed  Him.  Audiu>r 
in    the   place  <)f   Mr.    Geo.    Patchett,    resigned. 

The  llev.  \V.  Lower  Carter,  M.A.,  F.G.S.,  was  elected 
Kepresentative   Governor  of   the   Yorkshire   College. 

Mr.  Wni.  Cash,  F.G.S.,  was  elected  Delegate  to  the  Corres- 
jx^nding  Societies'  Connnittee  of  the  British   Association. 
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Accounts. — The  following  accounts  were  passed  for  payment : — 

£    s.  d. 

Mintern  Bros. — PlaU\s       ...  ...  ...     3   10  0 

G.  West  &  Sons— Plates 619  3 

Jas.  Green — Drawing  Fish  Plates  ...     6     0  0 

F.  Carter — Circulars  and  Stationery       ...     4   12  9 


£21     2     0 


Grassington  Finds. — The  Hon.  Secretary  reported  that  the 
ondition  of  the  case  and  its  contents  was  still  very  unsatis- 
%cU)ry,  and  that  there  was  no  expectation  of  a  satisfactory  home 
•eing  found  for  them   in  Grassington. 

Accordingly  it  was  resolved  that  as  the  Finds  were  in  great 
anger  of  Ixjing  destroyed  that,  if  they  could  not  l)e  suitably 
oused  in  Grassington,  they  be  offered  to  the  Council  of  the 
^eeds  Philosophical  and  Literary  Society,  for  safe  deposit  in  the 
^eeds   Museum. 

Underground  Waters  of  Craven. — A  letter  was  read  from 
rlr.  J.  H.  Howarth,  F.O.S.,  (Mnhodying  a  suggestion  for  a  more 
oniplete  examination  of  the*  underground  waters  of  Malham  and 
!Jlapham  by  m(»ans  of  delicate  chemical  tests.  Mr.  llowarth's 
Btter  conveyed  a  generous  olFcr  from  Mr.  (Jeoi-gt*  Hray,  of  Leeds, 
o   provide   materials    for   sucii    an    investigation. 

Resolved.- -That  the  Council  approves  of  tiu;  suggestion  to 
.rrange  for  a  careful  investigation  of  the  underground  waters  of 
^lalham  and  Clapham  as  suggested  in  Mr.  Jlowarth's  letter,  and 
.ppoints  the  members  of  the  Council,  together  with  Messrs. 
J.  Bray  (LchhIs),  V.  Swann,  JlSc.  (Ilkley),  S.  W.  Cuttriss  (Leeds), 
Jid  W.  Morrison,  M.P.  (Malham),  to  form  a  Committee  to 
londuct  these  investigations,   with  power  to  add  to  their  numlx'r. 


Meeting  of  the  Committee  for  the  Investigation  of  the 
Underground  Waters  of  Craven,  Philosophical  Hall,  Leeds,  May 
Hh,    1899. 
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Chairman  : — Mr.    F.   \V.   Branson,    F.I.C. 

Present : — Messrs.  J.  E.  Wilson,  W.  Ackrovd,  F.  Swann, 
().  Biav,  C.  W.  Fennel],  J.  E.  Bedford,  S.  W.  Cuttriss.  G. 
l^in.<;l(^v,  P.  F.  Kendall,  J.  W.  Stather,  K  D.  Wellbum,  J.  J. 
Wilkinson,   J.  W.  Broughton,  J.  H.  Howarth,  and  W.  L.  Carter 

(lion.    S<'c.). 

Tlit^  Hon.  Seeretiirv  read  the  minute  of  the  Council  odd- 
stitiiting   the   Committee. 

Letters  of  n»<;i'et  for  non-attendance  were  read  from  Messrs. 
W.  (Jre«j:son,  J.  T.  Atkinson,  R.  Reynolds,  and  W.  Morrison, 
M.P. 

The  Hon.  Secretary  proposed  that  Messns.  B.  A.  Burrell 
(Leeds),  W.  Ackroyd  (Halifax),  and  J.  W.  Broughton  (Skipton) 
be   added  to   the   Committee.     Carried   unanimouslv. 

Hesolved. — That  this  Connnittee  shall  undertake  the  further 
investigation  of  the  underground  waters  of  Malham  and  Clapham. 

After  a  lengthened  conversation  as  to  the  tests  to  be  used 
and  the  method  of  their  application,  the  following  suggestions 
were   agreed    upon  : — 

(L)  That  the  streams  leading  to  the  various  water-sinks 
be  gauged   at   the   time   when    the   tests  are   made. 

(•J.)  That  common  salt  be  the  chief  chemical  test  to  be  u?ied: 
and  that  a  lithium  test  be  associated  with  it  if 
necessarv. 

Ivesolved.  That  Messrs.  F.  W.  Branson,  W.  Acknivd,  F. 
Swann,  C  Hray,  and  W.  Morrison,  M.P.,  be  a  Sub-Committee 
to  make  a  i^reliminarv  survev  of  the  water-sinks  and  outlets  at 
.Malham,  and  to  rej)ort  on  the  best  arrangements  for  making 
the   nec(»ssarv   chemical    tests. 

Resolved.  -That  .Alessrs.  C.  W.  Fenm^ll  and  8.  W.  Cuttriss 
be  a  8ub-C()nnnittee  to  make  a  preliminary  survey  of  the  streams 
which  feed  the  water-sinks  and  of  the  outlets  at  Malham,  and 
to  report  as  to  the  best  method  of  gauging  the  tlow  of  water 
at  the   time  of   the   tests. 
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Meeting  of  the  Committee  for  the  Investigation  of  the 
nderground  Waters  of  Craven,  Philosophical  Hall,  I^eeds,  May 
)th,   1^99. 

Chairman  : — Mr.  Godfrev  Binglev. 

Present  ; — Messrs.  C.  W.  Fennell,  F.  W.  Branson,  G.  Bray, 
W.  Cuttriss,  H.  Crowther,  W.  Aekroyd,  and  W.  L.  Carter 
Jon.   Sec). 

The  minutes  of  the  previous  meeting  of  the  Committei^  were 
tad  and   confirmed. 

Letters  of  regret  for  non-attendance  were  read  from  Messrs. 
T.  Morrison,  M.P..  J.  W.  Brought<m,  W.  Gregson,  and  Pro- 
8Sor  Smithells. 

The  Hon.  Secretary  proposed  that  th(»  following  names  be 
Ided  to  the  Committee  : — Professors  Smithells  and  Procter,  and 
•r.    J.    Cohen,   of   the    Yorkshire    College.     Carried    unanimously. 

RejKirts  of  the  Sub-Committees. — Mr.  F.  W.  Branson  reported 
lat  all  the  members  of  the  Chemical  Sub-Committee  had  met 
i  Malham  on  May  27th,  and  harl  l)een  met  by  Mr.  Winskill, 
[r.  Morrison's  agent,  who  liad  afforded  them  every  courtesy  and 
isistance. 

Experiments  liad  Ix^en  made  by  tlie  introduction  of  fluor- 
»cein  at  the  Tarn  water-sinks,  but  though  the  outlets  at  the 
ove  and  Aire  Head  had  been  carefully  watched,  no  coloration 
:   the   water  had    been   observed. 

Mr.  ]-$ranson,  however,  reported  that  by  passing  carbonic 
;id  i'as  throu;xh  a  solution  of  fluon\scein  the  colour  almost 
isapfieared,  but  returned  on  the  addition  of  an  alkali  to  the 
)lution. 

Tht?  Sub-Committee  had  carefully  estimatefl  the  percentage 
:  chlorine  in  each  of  the  streams,  and  the  results  of  their 
dculations  showed  that  the  salt  test  would  work  very  satis- 
,ctorily. 

Mr.  C.  W.  Fennell  reported  that  the  engineering  Sub- 
ommittee  had  not  yet  been  able  to  visit  Malham  on  account 
:   the  unfavourable  weather. 

I 
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It  wa.s  then  arranged  that  tests  should  be  put  in  at  tlie 
Smelt  Mill  and  Tarn  water-ninks,  and  that  the  outlet«  at  the 
Cove  and    Aire   Head  should   be  specially  examined. 

A  meeting  was  arranged  at  Malham  on  June  2Ut  ud 
22nd,   to  carry   out  these  tests. 


(wfnieral    Meftiiuj    and    Field    Excursion,    Todraorden,  Jbm 
7th  and   8th,    1899. 

June  7th. — The  members  were  met  at  Todmorden  bj  Mr. 
Rol)ert  Law,  F.G.S.,  and  proceeded  to  Summit  Inn  by  wagonetfe 
A  visit  was  paid  to  the  adjoining  moorland  to  tnuje  one 
of  the  feeders  of  the  CaMer  to  its  source.  After  lunch  at  Sumniit 
Inn  visits  were  paid  to  the  Brick  Works,  the  landslip  at  Snoddk 
Hill  Reservoir,  and  to  Light  Hazel,  I>Dng  Lees,  and  Warlam 
Quarries   in   the  Third  Grits. 

Aft^'r  dinner  the  General  Meeting  was  held  at  the  ^^^ 
Hart  Hotel,  Todmorden,  under  the  presidency  of  Mr.  ^ita 
Cash,    F.G.S. 

The  following   new   members   were  elected  : — 
A.   E.  Dalzell,   Halifax. 
Hugh  Oliver,   Brighouse. 
Ernest  (jJeorge   Annis,   L.R.C.P.,    Huddersfield. 
Abbey   tt    Hanson,   Huddersfield. 
Robert   B.    Turton   (Life   Member),   London. 
Chas.    H.    Bould,    Ijeeds. 
Ald(»rinan   A.  Crosslev,   Todmorden. 
A.    C.   Slater,    B.8c.,    Pudsey. 

William   Onierod,   J. P.  (Life   Member),   Todmorden. 
Thos.   Walshaw,   Wakefield. 
J.    A.    Bean,    Wakefield. 
The   Chairman   delivered   an   address. 

An    address    was    given    ])y    Mr.    Percy    F.    Kendall,    F.G. 
on    "The   Physical    History   of   the   Calder." 

A  paper  was    n^ad    by    Mr.    Robert    Law,    F.G.S.,    on    "1 
General   Geology   of   Calderdale." 

The  papers   were   followed  by   a  discussion. 
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June  8th. — The  party  went  by  train  to  Portsmouth  Station 
id  examined  the  section  of  Millstone  Grit  beds  in  Green's 
ough.  The  moor  was  crossed  to  Sharney  Ford,  and  in 
«cending  Dulesgate  some  workings  in  the  Forty  Yards  Mine 
d  Ganister  coal  seams  were  visited.  A  foot-thick  coal  seam 
the  middle  of  the  Rough  Rock  was  also  examined  and 
otographed. 

After  dinner  at  the  White  Hart  Hotel,  a   very  hearty  vote 
thanks  was  passed   to  Mr.    Robert  Law,    F.G.S.,  for   his   able 
dership. 


Sjyecml  Jfeetiny  and  Field  ExcurKion  at  Malham,  June  21st 
*  22nd,  1899,  under  the  direction  of  the  Underground  Waters' 
ririmittee. 

After  dinner  at  the  Back  Hotel,  Malham,  on  June  21st, 
*-  Walter  Morrison,  M.P.,  in  the  chair,  it  was  decided  to  put 
^imon  salt  into  the  Smelt  Mills  sink,  and  ammonium  sulphate 
t.he  upper  Tarn  sink.  The  flow  of  water  from  the  Tarn  was 
V>e  regulatod  to  a  normal  amount,  but  at  one  o'clock  p.m. 
^  increased  volume  of  water  was  to  bo  sent  down.  Arrange- 
^uts  were  made  for  the  putting  in  of  tlie  chemicals,  for  the 
etching  of  the  outlets  at  tlio  Cove  and  Aire  Head,  and  for 
*e   working  of  a  central    testing   station   at  the   Buck    Hotel. 

On  Thursday,  June  22nd,  these  arrangements  were  carried 
Ut,  but  up  to  the  morning  of  June  2.'h'd,  wh(»n  the  Committee 
eft  Malham,  there  was  no  trace  of  chlorine  beyond  the  normal, 
nd  no  variation  in  the  ammonia  was  detected,  either  at  the 
'ove  or   Aire  Head. 

One  pound  of  fluorescein  was  also  put  into  Tranlands  Beck, 
le  lower  part  of  which  was  dry.  No  change  was  found  either 
1  the  nvain  streim  or  at  Aire  Head  springs,  but  the  next  dav 
le  fluorescein  was  found  to  issue  at  a  spring  at  Scalegill  Mill, 
Ix^ut   half  a    mile   to   the   south. 

Before  leaving  the  Committee  arranged  for  more  salt  to  be 
itroduced  into  the  Smelt  Mill  sink,  and  for  a  series  of  samples 
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U)   he  tjikon   from    the    Cove,    Aire    Head,    and    Gonlale  streams, 
and    lo   he  forwarded    to   I^eeds  for  examination. 


^leetiiii;  of  the  Committee  for  the  Tnvesti«rati(m  of  tlf 
I'lidt'iLrround  Waters  of  Craven,  Philosophical  Hall,  Leeils,  July 
4th,    ISDI). 

Cliainiian  :     Mr.    (lodfrev    I^inijlev. 

Present  :  —  Mtvssrs.  F.  W.  Branson,  F.  8wann,  B.  A.  Burreli, 
P.  F.  Kendall,  J.  H.  Hovvartli,  C.  W.  Fennell,  S.  W.  Cuttri«, 
11.  Crowther,  W.  Sinipst)n,  Professor  Smithells,  and  \V.  L.  Carter 
(Hon.    See.). 

The  minutes  of  the  previous  meeting  of  the  Committee  «erf 
read   and    eonfirmed. 

I^'tters  of  re.i^ret  for  non-attendance  were  read  from  Mes*r*. 
W.    .Mjirrison,   M.P.,   and    W.    Ackroyd. 

l*e})()rts  of  the  work  done  at  Malham  were  given  hv  Mes!>r^ 
V.   W.   Branson   and   C.    \V.    Fennell. 

After  sonic*  discussion  it  was  resolved  : — That  the  tests  he 
continued  at  the  Smelt  Mill  and  Tarn  sinks  with  a  prolonuixl 
How  of  water  from  the  Tarn,  and  that  siimples  be  collected  at 
intervals    for   two   or   three   miles   down   the   stream. 

The  following  Sub-Connnittee  was  appointed  to  continue  ib^ 
trsts  :  -- 

Messrs.  F.  W.  Branson,  F.  Swann,  B.  A.  Burreli,  and  W. 
Ackroyd  to  form  a  Special  Tests  Connnittee,  and  in  addition, 
Mc«ssis.  (;.  Bingley,  S.  W.  Cuttriss,  C.  W.  Fennel),  J.  A.  Bean, 
P.  F.  Kendall,  J.  H.  Howarth,  G.  Bray,  and  W.  L.  Carter 
(lion.    Sec). 

It    was    resolved    tliat    the    name    of    Mr.    J.    A.    Bean,  of 
Wakelield,    be   added   to   the   General    Committee. 


(tcni'i'td     Mfefimi    and     Field    Excursion.    Stokeslev,    Auini>t 
4th   and   5th,    1809. 

August  4th.— The  Rev.  John  Hawell,  M.A.,  F.G.S.,  met  the 
members  at  Sexhow  station.  The  party  lunched  at  Carlton,  and 
ascended   Carlton   Bank,   examining  an   exposure   of    Middle   Lias 
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id  the  old   Alum  Workrngs.     The  western   branch    of   Raisclale 
ras   crossed    and    the    escarpment   of   Cringley    Moor    examiniMl. 
fine   exposure  of  the  Dogger  on  the  side   of   Cold    Moor   was 
"^Vtfited,    and    a    descent    made    by    Ilasty    Bank    and    Greenhow 
•k  to   the   wagonettes,    which   took   the  party  to  Stokesley. 

After    dinner    the   General    Meeting   was    held   at    the    Bay 
[orse  Hotel,  Stokesle}',  under  the  presidency  of  Mr.  Robert  ]k»ll 
^JTurton,   of   Kildale   Hall. 

The  following  new   members   wxrc  elected  : — 
William   H.   Uttley,   Sower  by  Bridge. 
W.   N.   King,   RA.S.I.,   Wakefield. 
A.    E.   Greaves,  Wakefield. 

The  Chairman  delivered  an  address. 

A  paper  was  read  by  the  l\ev.  E.  Maule  Cole,  M.A.,  F.G.8., 
on   "The   Roman   Roads  in  the  East   Riding  of  Yorkshire." 

An  address  was  given  by  ^Ir.  P.  F.  Kendall,  F.G.S.,  on 
"The  Glacial  Features  of  Cleveland." 

A  paper  was  read  by  the  Rev.  John  Hawell,  M.A.,  F.G.S., 
on  "  A   Peat  Deposit  at  8tokesley." 

A  discussion   followed. 

A  vote  of  thanks  was  pass(Ml  to  the  Chairman,  the  I^mder, 
and    the   Readers  of  the  papers.     Mr.    Turton    briefly    responded. 

August  5th. — The  party  went  by  wagonette  to  Great 
Ay  ton,  where  workings  in  the  Cleveland  Dyke  wei'e  examined, 
and  the  old  spoil  mounds  from  the  ironstone  workings  were 
searched  for  fossils.  An  ascent  of  Roseberry  Topping  was  made, 
and  Ayton  M(X)r  crossed  to  Lonsdale,  and  the  path  through  the 
woofl  taken  to  Kildale.  Mr.  Hawell  })ointed  out  the  shell-marl 
near  Kildale  station,  and  a  walk  was  taken  through  Kildale 
Wood  to  Dundale  Beck,  where  the  carriages  for  Stokesley  were 
in  waiting. 

Bv  invitation  of  the  Yorkshire  Naturalists'  Union  the 
memljers  of  our  Society  took  part  in  their  excursion  and  meeting 
on   Bank    Holiday,    August   7th. 
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Meeting   of  the   Malham  Sub-Comniittce,  Lt*ecls  Phil«js(»pliical 
Hall,   August   18th,   181)9. 

Chairman  :--Mr.   P.   F.   Kendall,   F.G.S. 

Present:-  Messrs.  C.  W.  Fennell,  F.  AV.  Branson,  G.  Binglw, 
J.  H.  Howarth,  S.  W.  Cuttriss,  J.  Winskill,  B.  A.  Burrell, 
an<l    W.   L.   Cart«*r  (Hon.    See.). 

Lettejs  of  regret  for  non-attendance  were  received  frum 
.Mrssrs.  W.  Moirison,  M.P.,  F.  Swann,  W.  Ackmyd,  and  0. 
IJrav. 

Tin*  report  of  the  Chemical  Sub-Committee  wa^s  presented  by 
^Ir.    F.   ^\'.    Branson. 

The   report  of   the    Engineering  Sub-Committee  was  received 
from   Messrs.   J.    A.  Bean  and   C.   W.    Fennell. 

Mr.  J.   II.   Howarth  read  a  preliminary  geological  report. 

This  rej)t>rt  was  suppl<»mented  by  i\Ir.  P.  F.  Kendall  by  expla- 
nations of  tlu^  geological  structure  of  Malhani,  and  its  rrlatifm 
to  the  flow  (jf  underground  water,  especially  with  inference  tu 
(irey   (Jill   an-l    the    *' r)urst.'' 

Mr.  Cuttriss  report^'d  experiments  in  connection  with  ^Iei^>rs, 
lUnn'll  and  Townend  at  Grev  Gill.  A  flush  of  water  had  btfii 
sent  (l«)wn  from  the  Tarn,  but  no  rush  of  water  had  bet»n  heard 
at  Grey  (Jill.  Mr.  Winskill  reported  a  .similar  experiment  with 
a    laJir<'r   flow   of  water,    but   with   similar   negative   results. 

.Messrs.  Kendall  and  Cuttriss  ^ave  interestinir  information 
about  the  structure  of  (Jrey  (iill  Cave,  and  the  presence  of  water 
in    it    during    wet    seasons. 

After  discussion  it  was  decided  to  make  excavations  in  the 
screes  below  Grey  Gill  Cave  and  at  the  uppermost  **  Burst,"  in 
ordtM"  that  chemical  tests  might  be  introduced  at  those  ix)iiit>; 
and  that  tlie  Tarn  water-sinks  should  be  cleared  of  loose  bk)ck> 
so   that   the  underlying   rock    nn'ght   be  examined. 

Tt  was  also  resolved  that  a  large  map  of  the  Malham  area 
and  diagrams  of  the  chlorine,  raitifall,  and  waterflow  curves 
obtained  during  tlie  investigations  should  be  made  for  exhibition 
at  the   British    Association  (Dover)   Meeting. 
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Meeting  of  the  Committee  for  the  Invastigation  of  the 
iderground  W^aters  of  Craven,  Philosophical  Hall,  Leeds,  August 
th,   1899. 

Chairman : — Mr.   J.   T.    Atkinson,   P^G.S. 

Present : — Messrs.  G.  Bingley,  W.  Ackroyd,  P.  F.  Kendall, 
H.  Howarth,  S.  W.  Cuttriss,  W.  Simpson,  H.  Crowther, 
k  D.   Wellburn,   and   W.  L.   Carter  (Hon.   8ec.). 

The  minutes  of  the  previous  Committee  Meeting  were  read 
id  confirmed. 

Letter's  of  regret  for  non-attendance  were  read  from  Messrs. 
^  Morrison,  M.P.,  C.  W.  Fennell,  W.  Gregson,  H.  R.  Procter, 
W.   Branson,   and   G.   Bray. 

The  reports  of  the  Engineering,  Chemical,  and  Geological 
lb-Committees   were  presented. 

The  following  resolutions  were  carried  : — 

1.  That  Mr.   J.   H.   Howarth  be   requested   to  draw  up  an 

abstract  of  the  report  for  the  British  Association 
(Dover)   Meeting. 

2.  That    Messrs.     F.    W.    Branson,    W.    Ackroyd,    C.    W. 

Fennell,  J.  A.  Bean,  J.  H.  Howarth,  P.  F.  Kendall, 
and  W.  L.  Carter  be  a  Sub-Conimittee  to  complete 
the  full  report  and  to  arrange  for  the  abstract  for  the 
B.A.  Meeting. 

3.  That    Mr.    P.    F.    Kendall    be    requested    to    present    the 

report  to  the  Geological   Section  at   Dover. 

4.  That   Mr.   Kendall    be  authcjrised   to  a[)ply   for  a  grant 

of  X70  from  the  British  Association  for  the  con- 
tinuance of  the  investigations. 

5.  That  the  question  of  investigations  in   the  Ingleborough 

area  be  referred  to  the  Sub-Coniuiittee  appointed  in 
Resolution   2. 


Meeting  of  the   Malham   Sub-Coinniittee,   Philosophical    Hall, 
;eds,  September  6th,   1899. 

Chairman : — Mr.  F.  W.  Branson,  F.I.C. 
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Pn^sciit  :-- Messrs.  \V.  Acknnfl,  C.  \V.  Fennoll,  P.  F.  KeodiU, 
J.   II.   Howjirth,  and  W.   L.  Carter  (Hon.  8ec.). 

Mr.  .1.  If.  HoNvarth  road  t}»e  abstract  of  the  reports  whki 
lie  lia<l  j»r<'|>are<l.  After  full  discussion  and  some  alterations  it 
was  adoptecl  ainl  ordered  to  l)e  printeil. 

It  was  res(»lve(l  that  ir)0  copies  of  the  abstract  with  wtto- 
How  and  chlorine  curve  diagrams  and  an  index  map  be  printed 
and  forwarded   to   Mr.   Kendall  at  Dover. 


(U.uw'll  Merflvf/,  Philosophical  Hall,  TxhhIs,  Oct.  lOib,  M 

Chainnaii : -Mr.  J.   E.   Pn^lford,   F.G.S. 

Pres<'nt: Messrs.  P.  ¥.  Kendall,  F.  \V.  Branson,  G.  Bingley, 
K.  I>.  Wellhnrii,  \V.  Simpson,  J.  J.  Wilkinson,  and  W.  L  Carter 
(Hon.   See.). 

Letters  of  regret  for  non-attendance  were  read  from  MesR 
.1.  H.  Ilowarth,  »J.  W.  Stather,  11.  Reynolds,  H.  Crowtlier,  awi 
W.  Cash. 

The  minutes  of  the  previous  Council   fleeting  wen*  read 
e  nil!raied. 

The  following  accounts  were  passed  for  payment: — 

£    p.     i\. 
V.  Carter  (Circulars  and  Statiimery)     ...        3   11     0 

Cliorley  iV:   Picker>*,i^ill   (Proceedings)       ...      41      7     - 

£H   IS     2 


Amni.nl  M*'<  tliuj.  -  \  letter  was  read  from  the  Marquis  iii 
liipon  n'gn'ttiiig  his  iiiai)ility  to  attend  the  Annual   Meetinii. 

Hcsolvcd.  That  His  Worshij)  the  Mayor  of  Halifax  b 
inviiivl   to  preside  at    the  me(»tiiiij  and  dinner. 

Kesohcd.  That  the  meeting  Ix'  held  at  Halifax  on  Xovenibf 
iMid,  and   the  dinner  at  the  Swan  Hotel. 

Kesolvcd. — That  an  excursion  he  arranged  to  examine  ti 
Mvthohnrovd  drift  deposits,  and  that  Messrs.  P.  F.  Kenda 
R.  Law,  W.  Simpson,  and  E.  J).  AVellburn  be  a  Sub-Committ 
to  arrange  for  the  opening  of  suitable  sectiims  for  examination 
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Officers  and  Council. — Mr.  R.  Law,  F.G.S.,  was  nominated 
tihe  seat  on  the  Council  rendered  vacant  by  the  resignation 
!Ad^r.  J.  Stubbins,  F.G.S.  With  this  alteration  the  previous 
v^H  list  was  adopted  for  nomination  at  the  Annual  Meotinf?. 

The  Secretary  read  an  abstract  of  the  Annual  Ileport,  which 
>     approved. 

Meetings   and    Excursions    in    1900. — Tlie    j)lace  s(»lect(*d    ft)r 

jBrst  General  Meeting  and  Field  Excursit)n  was  eith(;r 
i-lieroe  or  Keighley,  the  second  excursion  to  be  Uy  the 
i^'viots,  to  examine  in  hUu  the  riK'ks  from  which  it  is  believed 
naany  of  the  East   Riding  erratics   have  been   derived. 

Grassington  Finds. — Letters  were  read  from  !Mr.  J.  Ray  E  Idy 
tmating  that  the  Case  and  Finds  were  now  housed  in  the 
w/'n  Hall,  GrassingU)n,  were  in  good  condition,  and  were  suit- 
y  looked  after. 

It  was  resolved  that  a  comnmnication  be  sent  to  the 
assington  Parish  Council  offering  them  the  Finds  if  they 
»uld  have  them  prop(»rly  taken  care  of  and  would  give  the 
^rkshire  Geological  and  Polytechnic  Society  access  to  them  at 
ly  time. 

The  report  of  the  Underground  Waters'  Conmiittee  was 
resented    and    passed. 


Anniud  (Jeneral  }feetlu(j,  Town  Hall,  Halifax,  November  2nd, 
^99,  the  Mayor  of  Halifax  (Alderman  J.  T.  Simpson)  in  the 
lair. 

Ijetters  regretting  absence  were  read  from  Lord  Ripon,  the 
)wn  Clerk,  Borough  Surveyor,  and  Waterworks  Engineer  of 
alifax,  and  Messrs.  J.  W.  Stather,  H.  Waterworth,  R.  Reynolds, 
id  M.  B.  Slater. 

The  Annual  Report  was  read  by  the  Hon.  Secretary. 

The  Financial  Statement  was  presented  by  the  Treasurer. 

Resolved. — That  the  Annual  Report  and  Financial  State- 
ent  as  presented  be  adopted,  and  that  the  best  thanks  of  the 
K.'iety  be  given   to  the  Officers  and    Council    for   their   conduct 


I'J'J  RECORDS   OF    MEKTISCS. 

of  the  atTairs  of  tlie  SociKy  duriii<jf  tlie   jwi-st   year:  projK 
\Wv.  C.  T.  Pratt,   M.A.,  sccoiKknl  by  Mr.   B.   A.  Burrell. 

Tlu'  followin*;  new  iiiemlyers  were  elected  :  — 

W.   H.  Stewart,  Wakefielci. 

(Jrorije  l^ray,  Jjeeds. 

.1.  Younj;'  Short,  Thirsk. 

W.   \\.  Cnniip,  M.A.,  Halifax. 

Ivlward  Collinson,   Halifax. 

Ivicliard   Ivl'^ar  Horsfall,   Halifax. 

Kayimmd   Ik»rrv,  Hi]>y)erholine. 

J.   H.  Appleyard,  Halifax. 

()rti(<'rs    and    Council. — Messrs.    E.   Hawkeswcirth    and 
I ) wen  yl louse    were    aj)pt>inted    scrutinet^rs    for    the    ballot 

C'nUllcil. 

Hesolvfd.  Tluir  the  Marjuis  of  Ripoii,  K.G.,  be 
Pirs.dcnt  :  j)rop(>s(vl  by  Mr.  Jiis.  Booth,  J. P.,  .s(»conde<l 
Walter    rv.wlev,    F.(J.S. 

Uesolved.-    That    the   Viee-Presidents,    Treiisurer,   Hoi 

l.irv.    Auditoi",  and    Loeal    Secretaries   as  nominated    be  rc 

laoposed    by   .Mr.  J.  T.  Atkinson,  F.G.S.,  seconded   by  Mi 

SutclilVe. 

Vice-Presidents  : 

Ivul    Fitzwilliani,   K.G. 
Fail  of  WharncUfVe. 
Karl  of  Crewe. 
Viscount  Halifax. 
II.  Clifton  Sorby,  LL.l).,   F.R.S. 
Walter   Morrison,    ^I.P. 
M-  W.   T.    W.   S.   Stanh<»pe,  J.P. 

.lames   Hoolh,  J. P.,    F.H.S. 
F.    H.    l5owman,    D.Sc,   F.R.S.E. 
W.   H.   Hudleston,    F.R.S. 
liichard    UevnoMs,    F.C.S. 
J.  Rav  Eddv,  F.G.S. 
David  Forsyth,   D.Sc,  M.A. 
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Treasurer : 
William  Cash,  F.G.S. 

Hon.  Secretary  : 

William  Ix)wer  Carter,  M.A.,   P\G.8. 

Auditor : 

J.  H.  Howarth,  F.G.«. 

Tx)cal  Secretaries  : 

Barn.sley— T.  W.   H.   Mitchell. 

Bradford — J.   E.  W^ilson. 

Driffield— Rev.  E.  M.  Cole,  M.A.,  F.G.S. 

Halifax — W.  Simpson,  F.G.S. 

Harrogate — Robert  Peach. 

Huddersfield — Samuel  Jury. 

Hull— John  W.  Stather,   F.G.S. 

Leeds— H.  Crowther,  F.R.M.S. 

Middlesbrough— Rey.  J.   Hawell,   M.A.,  F.G.S. 

Skipton — J.  J.   Wilkinson. 

Thirsk-  W.  Gregson,   F.G.S. 

Wakefield -C.   W.   Fennell,    F.G.S. 

Wensleydale  -W.   Jlorne,   F.G.S. 

Thirteen   names   having   l)e«»n    nominated  for  the  twelve  seats 

>n    the    Council,   a    ballot    was    t^ken    anrl     the    following    were 

declared   elected  : — 

Council  : 

W.   Ackroyd,   F.I.C.  P.   F.   Kendall,   F.G.S. 

J.   F.   Atkinson,  F.G.S.  R.   Law,   F.G.S. 

J.   E.  Bedford,   P^G.S.  G.   H.   Parke,   F.L.S.,   F.G.S. 

Godfrey  Bingley.  Walter  Rowh^y,   F.G.S. 

F.   W.   Brans<m,   F.I.C.  V,   F.   Walton,  F.G.S. 

J.   H.   Howarth,   F.G.S.  E.   1).   Wellburn,   P^G.S.      ' 

An  address    wjis   (h^livered    bv   the   Chairman. 

The   Reports  of  the   Connuittee   for   tlie   Tnvestigation  of   the 
Undergrounfl   Waters  of  3Ialham  were  read  :   - 

L  The   Engineering   Report,  by   Mr.  C.   W.   Fennell,  F.G.S. 

2.  The  Chemical   Report,  by  Mr.   F.   W.   Branson,   F.I.C. 

3.  The  Geological   Report,  by  Mr.  J.   H.   Howarth,  F.G.S. 
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A  ii:i}M'r  uii  "Tln'  C*nin[H»>ilio;i  uf  s<iinr  Malliam  ^ 
was    n;nl    Ijv    Mr.    I>.    A.    I»uin*ll.    F.C.S. 

A  juiju.'!'  oil  "  Mri,'alirhthys"  was  ivad  hv  Mr.  E.  D.  ^V 

A    jiajM'!'    nil    "Tlu^  (Ilarial     (leoloiTV    of     I^railford.  j 

(*\  idrnri-    ohiaiihMl    from  rrcriit    t»xcavatious   of  a   liiiiestoi 

on     iIh"    s«nitli     ^'u\r    of  till'    vallrv/'    was     n»a(I    bv    Mr 
Moiu-kinan,    l>.Si-. 

A   «li*^<U'svi(m   took   |»larf  after  nwh   p;i|H'r. 

A   p.'i|»<'r  «Mi   "A   L'niitriluit ioM  t«»  tin*  History  of  thf 
C'nra!**   ot'    \'«»rk-liirt' "    wa^    r'tmnnmicate*!    hv    Mr.    \\.  ¥ 

l-.<:.s. 

A  iMprr  «'n  **Tlir  (»<M)ln;^'y  of  Claphaiii  and  Histi 
foiiiniiiiii«Mt<(l    hv    IVot'r^^^or  T.    McK.   Hiiirhes,  F.H.S. 

A  srrir^  ot  lantfi'ii  sli(|t»>  doscriptivt*  «•!  tin.*  Fiel 
sioii-  to  (Xipli.-uii  ami  T«Mlinord«'n  was  twliihittnl  by  Mr 
l>inirl«'y. 

lo'^(i!\«'(l.  Tli.-u  tlu'  hi'-.t  thanks  of  tlit'  S«m.-u*iv 
tu  Hi^  \N  oj*s|iij>  the  Mayor  of  Halifax  for  presiding; 
Annu.'il  -Mft'tinu.  and  tor  Ids  kin«liK'ss  in  iri'antinir  tl 
lii<  r«'«M-j»iioii  itMtiii  :  ;iUi»  t«»  thi'  I'raders  of  tin*  paper 
Mr.  ( Iodfr«'y  Uinijicy  f«»r  ln'>  exct'llont  t*x]iil>ition  o: 
]»ict iir«"> :  piDpnsrd  l)y  y\v.  \\.  ^I.  Kerr,  sfoonded  by 
Ackrnvd.    1M.(*. 

Ili^   \\Mr*»liip  tlic   Mav«»i'  bricllv  rosixjndtul. 


Tin-    iiKMnl.HM.>    dinrd    t«n;i'tla'r   at   the  Swan    llot*^!,  i 
pi-rsidciiry  of   AMmiinn    .1.   T.   Simpson  (flavor  of  Halii 
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MCKENNY   HUGHES,  M.A.,  F.R.8.,  F.G.S.,  WOODWARDIAN   PROFESSOR 
OF   GEOLOGY    AT   THE    UNIVERSITY    OP   CAMBRIDGE. 

I  most  studies  there  are  two  simple  ways  of  giving  a  student 
a  of  the  methods  and  leading  facts.  One  is  by  explaining 
rinciples  and  stating  the  results  of  observation  in  some 
e  order,  generally  with  a  view  to  establishing  positions  from 
)f  which  the  advance  to  the  next  is  most  easily  effected. 
;her  method  is  to  take  some  limited  portion  of  the  subject, 
oncrete  example,  some  complex  object,  and  describe  it  fully, 
g  such  explanations  of  each  difficulty  as  may  be  possible 
it  much  previous  knowledge.  This  latter  method  is  some- 
employed  in  teaching  language  by  attempting  first  the  in- 
/ation  of  selected  passages  instead  of  l>eginning  with  the 
jnts  of  grammar,  or  in  Science  by  the  description  of  some 
mtative  form.  It  is  always  usefully  employed  in  the  case 
se  who  have,  some  preliminary  knowledge  of  the  elements 
subject. 
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In  Oeolopfv,  however,  the  method  does  not  appear 
systematically  trie<l,  though  perhaps  there  is  no  otli 
which  this  inetho<i  can  be  so  well  applied  or  be  suit 
a  lar^je  j)rc)portion  of  its  students. 

In  the  following  Memoir  I  have  endeavoured  tc 
si)ni(^  notes  on  one  well-defined  area  in  such  a  manner 
to  mo  will  bo  most  useful  for  students  who  wish  t 
selves  of  this  concrete  method  of  teaching  the  principl 

1   had  no  tiouble  about  the  selection  of  a  distri 
long   arrived   at   the   conclusion    that,   of  all   the  di 
world   that  it  has  fallen  to  my  lot  to  visit,  there 
compare  to  Inglel)orough  and  its  surroundings  for 
antl  variety  of  its  problems,  or  the  clearness  and  s 
the  evidence  upon  which  we  must  depend  for  their 

There  an?  few  subjects,  moreover,  with  regard 
term  student  has  so  wide  a  significance  as  in  Greol 
too  y<>ung  to  collect,  and  to  learn  to  collect  intellige 
too  old  to  follow  the  progress  of  this  ever-expandin 
carry  on  the  arnmgement  of  and,  with  experience 
sj)eculate  upon  the  significance  of  facts  observed  c 
amassed  in  the  earlier  more  visjorous  years  of  life. 

Having  reganl,  then,  to  the  requirements  of 
getting  up  the  subject  as  part  of  their  early  educati 
of  those  who  wish  to  investigate  geological  phenoni 
selves  colleetivelv  as  Field  Clubs  or  Scientific  JSocii 
w!io  rush  off  alone  to  take  a  short  holiday  in  the 
intelkictual  character  in  the  open  air,  1  offer  this  s 
tion,   in  the  hope  that  it  may  forward  their  wishes. 

T  have  adopted  the  st  rat  {graphical  rather  than  tl 
arrangemtMit,  Ix'cause  1    think  it  far  more  useful  to 
details   of  anv   district  in   that   manner,    and    Ix^cau 
those  who  can   pay  only  ont.'   visit   to  each   locality 
trouble  to  get  up  some  of  the  details  l)eforehand. 

The  position  of  ingleborough  is  known  to  m< 
the  North  of  England.  It  is  the  grand  terraced  n 
whose  base  you   run   bv  rail  all   the  wav  from  Sett 
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E^a.<^  XXII).  It  is  the  t>old  bluff  that  travellers  from 
■^Ticuter  northwards  see  on  the  north  and  east  standing  out  like 
liuge  citadel  in  front  of  the  fells  of  the  West  Ridinj;.  It  is 
ti^  great  bri>wn  flat-topped  mass  along  the  oaatern  flanks  of  which 
ne  Settle  and  Carliijle  Railway  climbs,  giving  the  traveller  a  final 
le^nr  of  ita  northern  alop^s  just  before  he  plunges  into  the  great 
•Unxiel  near  the  source  of  the  Kibble. 

Ribblesdale,  Chapel-le-dale,  and  the  valley  of  the  Weiming, 
*-^«no6t  enclose  the  mass  that  may  be  referred  to  Ingleborougli. 
*ta  base  spreads  over  an  area  of  about  30  snuare  miles.     It  r 


SlioH-ing  thf  Bca-plnm  at  aboiil  2,(K1J  fctt  al«vo  soft-levi-l. 

2,373  feet  above  the  sea — which  is  seen  from  its  sainmit  opening 
out  on  the  south-west  in  ?tloreeaini>o  Hay,  between  the  Claugliton 
Fells  and  the  lower  hills  of  Arnside  and  Grange. 

Turning  the  other  way,  we  see  tliat  it  in  one  of  mhny  similar 
mas.ses  which  close  up  to  form  the  Greiit  Phiteau  of  the  West 
Riding,  WlicriiMide  and  Penyghent  being  ischitcd  and  forming 
mountains  more  or  leas  resembling  InglclKirou^jh,  whiUi  Wiildle  and 
Dod  arc  less  completely  hewn  out.  Onlv  ono  summit  dominati'S 
Inglelwruugh,  namely,  the  hog-backed  Whernside,  which  risca  -11 
feet  higher. 

The  hummocky  moss  of  the  llowgiU  Fells  rises  to  alwut 
tlie  same  elevation  (Fig.  1).  anil,  carrying  our  eye  along 
the  sky-line  further  west,  wo  see  range  after  range  reaching  the 


IlU  KECORhS   OF    MEETIXriS. 

A  jiajMT  ni\  '"Tlu*  Coni]M)sitLozi  of  snun*  Malliam  Water*" 
\va.*>   iviul    hv   Mr.    15.   A.   liiirifll,   F.C.S. 

A  jKipfr  tm  "  >Ie;Ljalic'htliys"  was  rt-ad  by  Mr.  K  I).  Wellbum, 

F.(;.s. 

A  i»{i|»<'r  <»ii  **Tlir  (flaoial  Geulniry  of  Bradfunl,  and  the 
eviciiMicc  ohtuincri  fn»ni  ni-eiit  excavatimis  of  a  liiuestonc  track 
on  tlif  sou  til  si(|«»  of  tlic  valU»v,"  was  i-ead  bv  Mr.  Jaiue^ 
.Moiic'kniiui.    \).>>i'. 

A   tlistru.Nsioii  took   j»hu'e  afttM*  t*aoh  pajKT. 

A  pajM'!-  (HI  "  A  Coiitribntii»ii  t<»  tlic  History  of  the  Mft«jzuic 
Corals  of    Yorkslurt'"    was    ctMninuiiu'^ited    bv    Mr.    R.   F.  Tomes, 

ft 

F.C.S. 

A  pajHT  on  **TIu»  <J('olo;;y  of  Clapham  ami  District"  was 
coninuiniratcil   Ijy   Prof('SM»r  T.   McK.  Hu^rhes,   F.R.^. 

A  srrirs  of  Ian  torn  slides  descriptive  of  the  Field  Excur- 
sions to  Clajiliani  and  TtHJinordt'U  was  exbibit^id  by  Mr.  Godfrey 
liini'lcv. 

Hosolvcd.  Tliat  tilt*  ix'st  thanks  of  the  Sucietv  Ije  i,nvrti 
to  His  \\'«>rsliip  tiir  May«)r  of  Flalifax  for  presidinji;  over  tk 
Animal  M('etin.l,^  an<l  for  his  kindness  in  grautiiii;;  the  u«?  oi 
his  i-rt't'ption  room  ;  also  to  tlie  retuiers  of  the  piipers  and  to 
Mr.  (Jodfn'v  I>in«.rh'v  for  his  excellent  exhibition  of  lanteni 
pictures:  proj)o.sed  by  Mr.  K.  M.  Kerr,  seconded  by  Mr.  ^. 
Ackrovd,    F  T.C. 

His   Worship  the   Mayor  brieHy  responded. 


The   nieinl>ei's   dined    to«^vther  at  the  Swan   Hotel,  under  ik 
presideiKv  of   Alderman   J.  T.   Simpson  (Mayor  of  Halifax). 
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T.    MCKENNY   HUGHES,  M.A.,  F.R,S.,  F.G.S.,  WOODWARDIAN   PROFESSOR 
OF   GEOLOGY    AT   THE    UNIVERSITY    OF   CAMBRIDGE. 

In  most  studies  there  are  two  simple  ways  of  giving  a  student 

idea  of  the  methods  and  leading  facts.     One  is  by  explaining 

3    principles   and    stating   the   results   of    observation    in    some 

finite  order,  generally  with  a  view  to  establishing  positions  from 

rh    of   which    the  advance  to  the  next  is  most  easily  effected. 

e  other  method  is  to  take  some  limited  portion  of  the  subject, 

ne  concrete  example,  some  complex  object,  and  describe  it  fully, 

ering   such  explanations  of   each   difficulty  as  may  be  possible 

thout  much  previous  knowledge.     This  latter  method   is  some- 

aes  employed  in  teaching  language  by  attempting  first  the  in- 

•pretation  of   selected    passages   instead    of   beginning  with    the 

diments  of  grammar,  or  in  Science  by  the  dt^scription  of  some 

Dresentative  form.     It  is  always  usefully  employed  in  the  case 

those  who  have,  some  preliminary  knowledge  of  the  elements 

the  subject. 
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In  Geology,  however,  the  method  does  not  appear  to  hare  been 
syKtematically  tried,  though  perhaps  there  is  no  other  subject  in 
which  this  method  can  be  so  well  applied  or  be  suitable  for  soch 
a  large  proportion  of  its  students. 

In  the  following  Memoir  I  have  endeavoured  to  put  together 
some  notes  on  one  well-defined  area  in  such  a  manner  as  it  appein 
to  me  will  bo  most  useful  for  students  who  wish  to  avail  them- 
selves of  this  conci'ete  method  of  teaching  the  principles  of  Geolo;^. 

I  had  no  trouble  about  the  selection  of  a  district,  for  I  hare 
long  arrived  at  the  conclusion  that,  of  all  the  districts  in  the 
world  that  it  has  fallen  to  my  lot  to  visits  there  is  not  one  to 
compare  to  lugleborough  and  its  surroundings  for  the  graodeor 
and  variety  of  its  problems,  or  the  clearness  and  aooessibilitj  of 
the  evidence  upon  which  we  must  depend  for  their  solution. 

There  are  few  subjects,  moreover,  with  regard  to  which  thb 
term  student  has  so  wide  a  significance  as  in  Geology.  Few  an 
too  young  to  collect,  and  to  learn  to  collect  intelligentlj;  and  hm 
too  old  to  follow  the  progress  of  this  ever-expanding  study  or  to 
carry  on  the  arrangement  of  and,  with  experience  as  a  check,  to 
speculate  upon  the  significance  of  facts  observed  and  collectioni 
amtussed  in  the  earlier  more  vigorous  years  of  life. 

Having  i*egarcl,  then,  to  the  requirements  of  those  who  are 
getting  up  the  subject  as  part  of  their  early  education,  as  well  as 
of  those  who  wish  to  investigate  geological  phenomena  for  them- 
selves collectively  as  Field  Clubs  or  Scientific  ^Societies,  or  those 
who  rush  off  alone  to  take  a  short  holiday  in  the  pursuits  of  an 
intellectual  character  in  the  open  air,  I  offer  this  small  contriba- 
tion,  in  the  hope  that  it  may  forward  their  wishes. 

I  have  adopts  the  strat {graphical  rather  than  the  geographical 
arrangement,  because  I  think  it  far  more  useful  to  work  out  the 
details  of  any  district  in  that  manner,  and  because  I  feel  that 
those  who  can  pay  only  one  visit  to  each  locality  must  take  tlie 
trouble  to  get  up  some  of  the  details  beforehand. 

Tlie  jjosition  of  Ingh^borough  is  known  to  most  visitors  to 
the  Nortli  of  Kngland.  It  is  tlie  grand  terraced  mountain  along 
whose  base  you  run  by  rail  all  the  way  from  Settle  to  Ingleton 
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(Plato  XXII).  It  us  the  bold  bluff  that  travellers  from 
I^ncaster  northwards  see  on  the  north  and  east  standing  out  like 
a  huge  citadel  in  front  of  the  fells  of  the  West  Killing.  It  is 
the  great  brown  Rat-toppc*]  mass  along  the  eastern  flanks  of  which 
the  Settle  and  Carlisle  Railway  climbs,  giving  the  traveller  a  Anal 
view  of  its  nortliern  i^lopcs  junt  before  he  plunges  into  tlie  great 
tunnel  near  the  source  of  the  Kibble. 

Kibblcsdale,  Ciiapel-le-<lale,  and  the  valley  of  the  Wentiing, 
almost  enclose  the  mass  that  may  1)6  referred  to  Ingleborougli. 
Its  base  spreads  over  an  area  of  about  30  square  miles.     It  rises 


Showing  the  Hea-plut 


3,373  feet  alwvo  the  sea — which  is  seen  from  its  suiiiiiut  opeiiiiif,' 
out  on  the  south-west  in  Morecainbc  IJity,  lietwtH'u  the  Clauglilon 
Fells  and  the  lower  hills  of  Arnsiile  and  Grange. 

Turning  the  other  way,  »c  s<'c  that  it  is  one  of  many  similar 
mas.ses  which  clase  up  to  form  tlio  CJrcat  Phitenu  of  the  West 
Hiding,  Whcrnside  and  Fcnyghent  lieittg  isolateii  and  forming 
mountains  more  or  less  resembling  Ingleborougli,  whili-  Widdle  anil 
Dod  are  less  completely  hewn  out.  Only  one  suiniiiit  donirnutcs 
Inglei>orough,  namelj-,  the  hog-lwifked  Wlieniside,  wliioli  rises  -11 
feet  higher. 

The  hummoclty  mass  of  the  Howgill  Fells  rises  to  nlwrnt 
the  same  elevation  (Fig.  1),  and,  carrying  our  eve  along 
the  sky-line  further  west,  we  see  range  aft<jr  range  reaeliing  the 
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le  general  level  up  to  the  base  of  the  Lake  Mountains.  These 
i;Heir  turn  are  obviously  fragments  of  a  higher  plateau,  the 
rckge  elevation  of  which  is  some  3,000  feet  above  sea  level; 
1^  that  on  which  we  stand  and  which  runs  up  to  the  base  of 

higher  Lake  Mountains  is  a  little  over  12,000  (Fig.  2). 
^What  is  the  origin  of  this  very  marked  feature  in  the  land- 
?  We  know  from  the  geology  of  the  district  that  none  of 
mountains  to  which  I  have  called  attention,  either  of  those 
c^li  touch  the  level  of  the  Lake  District  Plateau,  or  of  those 
cili  belong  to  the  West  Yorkshire  Plateau,  owe  their  present 
l^ixie  to  original  deposition.  Nor  is  it  due  to  any  hard  bed 
^Tx  to  which  denudation,  sub-aerial  or  mixed,  had  reduced  the 
k^eral  surface  level.  Not  only  have  the  valleys  which  separate 
^    mountain  from  another  been  scooped  out  by  various  agents 

denudation,  but  the  tops  have  been  planed  off  by  denudation 

some  kind,  and  we  do  not  in  any  case  see  the  original  highest 
ids. 

In  regarding  these  great  plateaux,  we  are  clearly  face  to 
kce  with  some  phenomenon  connected  with  the  greater  operations 
^  Nature  —  something  upon  which  depended  the  modelling  of 
ir  highest  mountain  groups,  and  the  interpretation  of  which 
ight  to  give  us  the  key  to  the  great  succession  of  events  of 
fiich  Geology  treats. 

There  are,  however,  certain  complex  operations  that  come 
ider  our  observation  at  the  present  day  which  will  fully  explain 
B  existence  of  relics  of  wide-spread  plateaux  of  this  character, 
ong  the  shore  we  see  the  waves  twice  a  day  in  accordance 
th  wind  and  tide  and  local  conditions  rolling  along  the  debris 
at  falls  from  the  cliffs,  or  is  carried  down  by  streams.  It  uses 
3    boulders  and   pebbles  and   sand   as    ammunition    with    which 

batter  down  the  rocks.  It  carries  on  this  waste  only  to 
depth  of  some  60  or  100  feet  below  sea  level,  for  deep  ocean 
rrents  do  not  contribute  much  to  this  sort  of  work. 

The  sea  is  always  at  it,  and,  if  the  relative  level  of  land  and 
Lter  remained  steady,  all  the  dry  land  would  in  time  be  carried 
wn    and    spread   out   below    the    waters   of   the   sea.     There    is 
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plenty  of  room  for  it  all  there,  for  it  would  take  about  36  times 
all  the  land  that  stands  above  the  sea  to  fill  up  its  bed. 

The  waves  plane  all  down   for  some  60   or    100  feet  more, 
and  there  the  surface  is  protected  from  further  waste. 

The  plain  of  the  Yorkshire  Fells  is  one  of  these  sea-plains 
now  lifted  up  some  2,000  feet  more  or  less  above  sea  level.    If 
we   want   evidence   that  it  is   not  merely  a  stage   in    subrenal 
waste,  determined   by  the   same  hard  and  widespread  bed  vhidi 
has  arrested  the  action  of  the  frost  and  ice  and  rain  and  streams, 
we  have  only  to  examine  the  sequence  of  rocks  more  closely  to 
obtain  the  proof.     The  bed  that  forms  the  hill  tops  is  not  always 
the  same.      Even  from  Ingleborough  to  Penyghent  we  creep  on 
to  higher  l)eds,  and  if  we  trace  the  beds  further  north  we  shall 
still  find  different  members  of  the  series  capping  the  Fells.     The 
evidence  is  clear  enough,  even  in  the  nearly  horizontal  strata  of 
the  Carboniferous  rocks  of  the  district  north  of  Clapham.    Bot 
we  have  further  proof,  and  clearer,  if  we  just  cross  to  the  north- 
west from  Ingleborough  on  to  the  Silurian  Fells   near  Sedbergh 
(Fig.    1).      There    the    rocks    are    no    longer    nearly    horizontal, 
but  roll  up  and  down  in  faulted  folds,  yet  the  tops  of  the  hiUs 
are  all  planed  off  to  the  level  of  the  sea-plain,  which  is  touched 
by   the   Carboniferous   Fells   north   of    Clapham.       From   that  it 
may  l)c  traced  always  at  about  2,000  feet  above  sea  level  to  the 
base  of   the  I^ake  jVlountains,  which  are  an  island,  itself  the  last 
remnant    in   that   part   of    England   of    a    now   higher   sea-plain, 
undulating  at  about  3,000  feet  above  sea  level.     This  is  not  the 
only   example   of   these   two   sea-plains.     In   Wales   the  lower  or 
2,000  foot  plain  touches  the  tops  of   all  the  higher  mountains  of 
South  Wales,  and,   leaving    Plinlimmon  as  an   island   in  Central 
Walos,   laps  round   the  higher  or  3,000  foot  plain  of  Snowdonia, 
just  as  our   2,000  foot  i)laiii   runs  up  to  the  3,000  foot  plain  of 
the  Ijake  District. 

Surely  wo  have  here  a  grand  subject  for  further  research. 
What  is  the  age  of  these  two  plains  ?  What  basement  bed 
derived  its  pebbles  from  the  shore  of  the  sea  that  arretted 
denudation  at  the  2,000  foot  j>lain  of  Yorkshire?  and  what  forma- 
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tion  was  laid  down  in  the  sea  that  crept  across  the  3,000  foot 
plain  of  Cumberland?  Whicli  way  did  that  sea  advance,  from 
north,  or  south,  or  east,  or  west  ? 

Geologists,  who  regarded  these  phenomena  chiefly  from  the 
point  of  view  which  is  forced  upon  us  as  we  stand  upon  the 
coast  line,  and  watch  the  tremendous  power  of  the  waves  as  they 
batter  the  cliffs  and  lash  the  shore,  called  the  level  surface  so 
produced  a  Plain  of  marine  Denudation, 

But  there  is  another  set  of  agents  at  work  reducing  all  the 
protuberances  of  the  earth's  surface.  The  air,  and  rain  and 
rivers,  and  glaciers,  and  changes  of  temperature  and  moisture  are 
breaking,  dissolving,  transporting  everything  down  to  the  sea. 
There  it  can  do  no  more ;  the  sea  arrests  all  further  sub-aerial 
waste  and  reserves  for  itself  the  woik  of  removing  the  last  60 
or  100  feet.  Geologists  who  have  regarded  the  great  work  of 
degradation  chiefly  from  this  inland  point  of  view,  have  called 
the  level  surface  down  to  which  the  whole  land  is  thus  reduced 
by  sub-aerial  agencies  the  Base-level  of  Erosion.  Another  name 
suggested  by  American  Geologists  for  it  is  Peneplain;  a  word 
which  they  would  deflne  to  mean  a  region  of  faint  relief,  the 
penultimate  result  of  long -continued  action  of  denudation  on  a 
once  larger  land-mass,  whose  ultimate  result  is  a  base-levelled  plain. 

Of  course  it  is  to  both  of  the  agencies  above  mentioned, 
acting  simultaneously  throughout  long  ages,  that  we  must  refer 
the  tremendous  results  that  we  have  forced  upon  our  attention 
as  we  look  around  from  the  top  of  Ingleborough.  We  will  refer 
to  these  great  plateaux  by  the  shorter  term  Sea-plain]  to  dis- 
tinguish them  from  the  River-plains  or  Bed-plains,  of  both  which 
also   we  have  examples   round    Ingleborough. 

It  is  possible  that  there  might  be  traces  of  the  action  which 
formed  these  sea-plains.  Fissures  filled  by  debris  of  the  Poikilitic 
and  Jurassic  sea  were  found  by  Charles  Moore  in  the  Carboniferous 
Limestone,   near  Bristol. 

Why  should  we  not  find  in  cracks  and  fissures  on  the  top 
of  Ingleborough,  or  of  some  other  parts  of  our  ancient  sea-plain, 
the  debris  washed  in  by  the  sea  that  reduced  them  to  this  level] 
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The  sea  that  planed  off  the  top  of  Ingleborough  lashed  the 
rocky  V>ase  of  the  Lake  Mountains,  which  then,  however,  did  imk 
rise  more  than  a  thousand  feet  above  its  level.  But  it  is  to  be 
feared  that  the  denudation  which  has  been  going  on  ever  since 
that  time  has  completely  swept  awaj  whatever  traces  were  \eh 
up<m  that  rocky  shore.  However,  there  we  see  shores  whidi 
were  washe<J  by  the  sea  that  planed  off  the  top  of  IngleboroQ^ 

We  have,  as  I  have  already  pointed  out,  another  fragment 
of  that  ancient  laud  in  North  Wales,  where  the  Snovdonian 
(;roup  represents  it,  attaining  about  the  same  height,  viz.,  a  little 
o\er  3,000  feet,  while  all  round  it  there  stretches  the  great  2,000 
foot  sea-plain,  corresponding  to  that  of  which  the  top  of  Ingle- 
borough forms  part. 

Just  consider  for  a  moment  what  this  means.  To  reconstmct 
the  upper  sea-plain  so  as  to  unite  Snowdonia  with  Lakeland  voq 
must  put  Imck  1,000  feet  of  rock  over  all  the  north-west  of 
England  and  tlie  whole  of  Wales,  as  well  as  over  the  intervening 
sea,  in  w)iich  the  mountains  of  the  Isle  of  Man  are  the  only 
relic  of  the   former  extension  of  either   sea -plain  over  this  area. 

Now,  denudation  implies  a  corresponding  deposition.  "Where 
is  the  great  formation  built  up  of  the  material  carried  down  to 
th(5  sea  when  the  Ingleborough  sea-plain  was  formed  ?  It  must 
be  later  than  Carboniferous,  because  Carboniferous  rocks  were 
InMiig  planed  off.  Was  it  Jurassic  with  its  Poikilitic  basement 
bed,  or  was  it  Cretaceous,  or  does  it  belong  to  that  a^  of 
vol(;aiiic  activity  and  vast  denudation,  the  Miocene?  Or  must  we 
refer  it  to  the  time  of  great  erosion  which  immediately  preceded 
glacial  conditions  liere,  and  so  make  it  correspond  to  the  Osarkian 
or  to  tlie  Chaniplain  of  America  ? 

As  we  look  out  south  over  the  range  of  hills  that  trends 
away  t^)  the  east  from  Laiujastcr  and  to  the  flat-topped  isolated 
mass  of  Peiidh*,  we  ask,  have  we  here  other  outlying  fragments 
of  our  great  West  Riding  Plateau?  But  we  soon  find  that  their 
suniinits  do  not  attain  to  anvthing  like  the  level  of  Ingleborougli. 
This  difference  of  elevation  is  too  great  to  allow  us  to  consider 
them    now    as    part   of    the    West    Riding    Plateau,    but    mav  we 
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peculate  upon  their  having  originally  formed  part  of  the  same 
Utteau?  And,  if  so,  we  have  to  admit  that  since  the  planing 
BT  of  this  great  sea-plain  all  the  land  south  of  the  Craven  faults 
as  dropped  many  hundred  feet.  Mr.  Tiddeman  is  of  opinion 
lat  this  downthrow  was  going  on  in  Carboniferous  times. 
f  we  could  prove  that  the  Claughton  Fell  level  belongs  to  the 
Vest  Riding  seaplain,  then  we  should  have  to  admit  that  the 
ownward  movement  on  the  south,  whether  by  fault  or  by 
radual  southward  slope,  or  by  both,  still  went  on  long  after 
be  formation  of  the  newest  Carboniferous  rocks. 

The  Ingleborough  sea-plain  is  newer  than  the  great  faults 
liat  run  from  the  Eden  Valley  down  Ravenstonedale  to  Lunes- 
aJe,  for  the  sea  planed  across  the  faults  that  throw  the  Car- 
oniferous  rocks  of  Mallerstang  and  the  rest  of  the  Yorkshire 
K>orlauds  on  the  east  against  the  Silurian  of  the  Howgill  Fells 
n  the  west  (see  Fig.  1),  leaving  them  both  as  parts  of  the 
ngleborough  sea-plain. 

If  we  could  make  a  guess  as  to  the  approximate  age  of  the 
ngleborough  sea-plain,  to  what  age  can  we  assign  the  much  more 
ncient  sea-plain  of  Snowdonia  and  Lakeland  ?  It  is  a  joy  to  lie 
n  a  clear  day  on  the  top  of  Ingleborough  and  think  these 
uestions  out. 

If  the  origin  of  these  sea-plains  is  such  as  I  have  described, 
hey  must  be  part  of  the  most  constant  and  continuous  operations 
f  Nature.  They  must  be  always  in  process  of  formation,  and 
ttust  always  have  been  formed.  We  ought,  therefore,  to  find 
races  of  them  in  the  rocks. 

Here  on  Ingleborough,  from  which  we  have  the  clearest  view 
f  two  wide  sea-plains  which  form  part  of  the  existing  surface  of 
he  ground,  we  liave  also  the  most  stupendous  exhibition  of  a 
imilar  plain  l>elonging  to  a  far  more  remote  Geologic  past,  and, 
a  we  were  able  to  trace  evidence  of  the  newer  plains  far  afield, 
nd  even  to  find  in  Wales  representatives  of  both  our  higher  and 
ur  lower  sea-plain,  so  also  we  have  satisfied  ourselves  by  an 
xamination  of  the  crags  round  Ingleborough  that  there  is  a 
imilar  sea-plain  buried  under  the  mass  of  Carboniferous  rocks  of 


134  HUGHES  :    INOLBBOROUGH. 

which  it  is  built  up ;  and  we  are  able  to  follow  the  sea  botton 
of  which  it  formed  part  to  closely  adjoining  districts,  where  \'allefs 
were  filled  up  by  debris  from  the  ancient  plain,  and  further  o«k 
still  to  where  vast  deposits  were  being  accumulated  beneath  the 
sea  in  an  area  of  depression  long  before  that  sea  had  swept 
across  the  bare  rock  on  which  later  the  deposits  were  heaped 
up  out  of  which  Ingleborough  was  carved  out. 

We  step  down  from  the  top  of  Ingleborough  on  to  the  gr«t 
shelves  and  ledges  of  the  mountain  limestone  (Plate  XXII.), 
tiie  explanation  of  which  we  will  consider  later  on.  We  then 
cross  the  whole  of  the  Mountain  Limestone  down  to  its  base, 
and  tiiere  we  find  this  other  sea-plain  of  far  more  ancient  date 
tiian  that  on  which  we  stood  on  the  top  of   Ingleborough. 

Here   we   see   the    Carboniferous    rocks   resting    on  the  up- 
turned   edges  of    all    the   older  rocks  that   make  up   the  coantrr 
Iwtweeii  us  and  Helvellyn.     Here  we  can  study  the  character  of 
the  surface  of  that  old  sea  bottom.     Generally  speaking  the  rocks 
were  evenly  planed  off,  but  the  tougher  rocks,  such  as  the  gritty 
sandstones   of  Austwick,    or  those  that   presented    the  bed   faces 
to  the  waves  so  that  they  could  not  bo  undermined,  resisted  the 
various    denuding    agents    more    than    the    slaty    or    differently 
inclined    IkhIs,  anci    remain    in    long    ridges.     We  can    follow  the 
base    of    the   Carboniferous   rocks   along   the  sides  of    Dale  Bock 
and   Moughton   and  Ilibblesdale,  and  often  see  that  these  ridges 
run    through    with    the   strike   of    the   rocks    from    one   of  those 
valleys   to   the  other.     It  was  generally  a  clean   wave-swept  sur- 
face,  with  few  troughs  in  which  the  dibris  from  the  land  could 
be  caught.     But  there  are  a  few  hollows,  and  those  very  sugjies- 
tive.      In   tlie  first  i)]ace  we  notice  that  finer  material  is  preserved 
in  the  deeper  depressions  only,  but  sometimes  very  large  boulders 
remain  on   the  flat,   rocky  sea  bottom,  as  if  the  last  current  had 
been   strong  enough    to  carry    away    the   finer    material,    but  not 
to    remove    the    large    blocks,   or    the    gravel    sheltered    by    them. 
Curiously    enough    these    are    seen    in    the    base   of  the   Mountain 
Limestone    under     Norber    Brow,    on    the    top    of    which    isolated 
boulders  of  Glacial  age  are  j)erched  and  challenge  comparison. 
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When  we  come  to  examine  the  hasement  deposits  of  the 
Qtain  Limestone  in  detail  we  find  many  other  curious  facts 

require  explanation.  For  instance,  we  find  that  where  the 
^hs  or  valleys  in  the  old  sea  bottom  are  considerable,  the 
sit  that  fills  them  is  generally  red,  but  the  conglomerate  or 
stones  that  occur  above  the  level  of  the  depression  or  extends 
rhere  over  the  general  surface  of  the  older  rocks  is  never  red. 
Tliis  is  first  of  all  a  question  for  the  chemist.      Where  we 

find  beds  containing  carbonate  of  lime  in  red  rocks,  as  in 
cornstones  of  the  old  red  sandstone,  or  evidence  that  there 
been  carbonate  of  lime  present  though  now  dissolved  away, 
1  the  lenticular  beds  full  of  casts  of  fossils  in  the  rusty  red 
iary  beds  of  Kent,  these  subordinate  beds  are  green. 
Therefore  we  should  not  expect  to  find  red  beds  in  the  main 

of  the  Mountain  Limestone,  except  the  red  earthy  residuum 
to  late  action  of  surface  waters. 

It  seems  not  improbable  that  in  the  case  before  us  the 
zed  superficial  deposits  of  the  adjoining  pre-Carboniferous 
when  they  were  swept  down  and  preserved  at  once  in  a 
y  or  trough,  some  of  which  were  perhaps  sub-aerial,  retained 
red  colour,  but  that  when  the  material  had  long  been 
ed  in  the  sui-f  of  the  encroaching  sea,  all  the  little  pellicles 
ad  oxide  which  coated  the  grains  of  sand  were  removed,  and 
kvhole  mass  lost  its  colouring  matter. 

ilVrost  of  the  carbonate  of  lime  was  probably  derived  from 
nisms  which  grew  on  the  spot,  but  the  other  sediment  seems 
a,ve  come  from  far  and  to  have  been  well  rolled  and  washed, 
"lay  be  inferred  from  the  constant  recurrence  of  bands  of 
tz  pebbles  in  the  lower  part  of  the  Mountain   Limestone,  as 

seen  near  Thornton  Force,  for  instance.  They  had  travelled 
Lr  that  all  the  softer  sedimentary  or  other  rock  in  which  the 
tz  veins  occurred  had  been  ground  down   to  sand  and   mud, 

only  the  quartz,  rolled  into  small,  perfectly  smooth  pebbles, 
ived  the  long  journey.  The  various  forms  of  life  so  abundant 
he  overlying  limestone  had  not  yet  migrated  into  this  area ; 
efore  fossils  are  rare  in  the  red  debris  swept  into  the  hollows. 
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There  was  no  muddy  bottom  yet  for  shells  to  live  on,  and  eonk 
were  secured  off  the  exposed  bare  rock  surface.  Only  a  few  tt 
swam  over  and  left  their  remains  entombed.  In  one  of  tbes 
hollows  I  found  Lophodua  levissimus  L.Ag.  and  Copodut  ccrmilm 
L.Ag. 

It  is  interesting  to  note  that  these  are  closely  akin  to  veE- 
known  Devonian  forms,  if  not  identical  species. 

We  ask  what  was  going  on  over  the  surrounding  dismrt 
when  this  sea-plain  was  being  formed  here,  and  how  far  does  tk 
sea-plain  extend  ?  We  soon  find  some  evidence  bearing  on  tia 
point  as  we  follow  it  to  the  north  and  west.  Instead  of  restiiij; 
on  a  smoothly  undulating  surface  of  bare  rock,  the  MooDtiii 
Limestone  has  at  its  base  enormous  banks  of  gravel  and  wd 
now  deeply  stained  i*ed. 

Along  the  valley  of  the  Lune,  by  Kirkby  Lonsdale,  BarboB, 
8ed be rgl I,  and  Tebay,  it  lies  in  a  manner  suggestive  of  a  kij 
valley  with  tributaries  coinciding  in  direction  with  the  preMst 
(hainage  system,  but  it  does  not  resemble  the  gravel  of  rinr 
terraces.  At  the  mouth  of  Ullswater  high  hills  are  whollv  com- 
posed of  it,  and  it  plunges  under  the  Carboniferous  rocks  on  tte 
east.  Here  it  seems  probable,  from  the  form,  the  compositioOi 
and  arrangement  of  the  material,  that  the  gravel  carried  down 
tlie  stee^p  valleys  out  of  the  heart  of  the  Lake  Mountains  ^ 
some  of  it  perhaps,  distributed  along  the  shore,  but  was  nK»dj 
swept  into  the  seaward  depths  of  the  submerged  valleys.  The 
material  seems  always  to  be  derived  from  the  neighbouring  rwck*- 
in  these  thick  masses  of  sediment  no  fossils  have  been  founi 
exoei)t  derivative  fossils  in  the  fragments  of  older  rocks. 

Follow  the  base  of  the  Carboniferous  across  the  sea  to  tw 
I  sit*  of  Man  and  to  North  Wales,  and  we  find  evidence  of  simil*f 
conditions  having  prevailed  there. 

But  if  we  travel  on  into  St)uth  Wales  we  get  beyond  tw 
s(»a-plain  and  its  marginal  valleys,  and  there  find  widesprew 
sands,  always  with  white  quartz  pebbles,  underlying  the  Mountain 
Limestone  and  passing  uncomformably  across  the  Old  Red  « 
Herefordshire  and  the  Silurian  and  Bala  of  Carmarthenshire, 
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Why  fossils  are  so  scarce,  so  obscure,  and  of  such  small  use 
urposes  of  correlation  in  these  South  Wales  beds  I  cannot 
but  in  that  respect  also  they  resemble  our  pockets  of  con- 
irate,  sandstone,  and  shale  under  Ingleborough,  or  the  great 
longlomerate  of  the  borders  of  the  Lake  District. 
Dross  the  Bristol  Channel,  and  there  you  find  the  equivalents 
le  '* Brown  stones''  of  Carmarthenshire  split  up  by  shales 
limestones  in  which  there  are   plenty  of  fossils,  but  in  the 

sandstones  of  the  Devonian  they  are  more  scarce. 
N'ow,  we  have  got  a  suggested  correlation. 
Fhe  Old  Bed  of  Hereford  is  not  Devonian,  but  the  Devonian 
bergavenny  creeps  across  the  Old  Bed  unconformably.  There 
%  mountainous  district  in  the  North  of  England  and  North 
iS,  while  South  Wales  and  Devonshire  sunk  beneath  the 
nian  Sea.  By-and-by  that  sea  cut  down  the  mountains  of 
lorthern  part  of  our  island  and  determined  the  level  of  the 
lain  on  which  Ingleborough  rests  while  the  Lake  District 
stood  above  it. 

Ef  this  be  the  true  story,  this  sea-plain  at  the  base  of  Ingle- 
igh  is  of  Devonian  age,  and  the  pockets  of  sediment  which 
1  it  are  the  last  bits  of  sediment  which  can  be  referred  to 
Devonian   before   the   widespread    changes   which    then    took 

ushered  in  the  conditions  which   allowed  of  the  deposition 
le  Lower  Carboniferous  Series. 

Many  are   the   questions  in  Physical   Geography  which   may 
udied  in  this  wonderful  district. 

One  to  which  I  have  had  to  refer,  and  wliicli  seems  at  first 
5  connected  with  the  sea-plains  which  we  have  l)een  consider- 
is  the  origin  of  the  ledge  of  Mountain  Limestone  on  which 
ipper  half  of  the  mountain  rests  as  on  a  table  (Plate  XXII.). 
1  the  mass  of  Yoredale  shales,  sandstones,  itc,  and  overlying 
itone  Grit  were  removed  the  resulting  feature  would  be  much 
what  we  have  now,  namely,  a  capping  of  hard  rock  which 
it  or  might  not  have  a  corresponding  flat  top  seen  on  the 
ining  hills.  What  we  have  to  look  into  is  this :  Is  this 
Lce  of  limestone  the  margin  of  a  sea-plain  which  washed  the 
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ba.M*  of  the  stt*ep  sl(»j)es  of  Inglel)orou»rli|  Whern.sMle,  an'l  P-ht- 
jrlifiit,  jii?<t  as  we  liave  infernal  that  the  sea  which  plarn-d  off  ik 
t«»p  of  I  rii^leboroii;;h  lashed  the  base  of  the  Lake  Mounto?! 
^^'e  have  here  the  (luestion  of  the  distinction  between  a  feea  clif 
and  an  esearpineiit.  Fortunately,  the  example  liefore  is  a^ly 
studied.  The  nx-k  is  one  that  records  the  evidence  in  the  m>. 
satisfaettuv  wav. 

The  Mountain  Limestone  everywhere  yields  along  the  bed<h| 
planes  so  as  to  give  rise  to  a  bare  jointed  sur^ce  locally  knon 
as  C'lints  or  Helks,  but  this  is  especially  the  case  at  the  topi 
the   formation    where   the    overlying  Yoredale    shales   are  sv?p( 
i»!l    tlie    hard    limestone    platform    on    which    they  rest^     If  wf 
examine  the'  limestone  where  newly  exposed   we  notice  that  the 
joints  are  elosed  and   the  surface  smooth,   but,    as  we  leave  tke 
m:u<{in  of   the  covering  de|)ositK,   the  joint^s    are  more  and  moR 
opened  out   until   the  top  bed  is  represented  only  by  a  series  of 
l(»ni;,   bolster-like   masses,   the   crevices   between    which  commodj 
exit'iid    down    through    bed   after  bed   to   a  depth    of  from  5  to 
IT)  feet    (Fig.    .'i).        In  the  deep  shadows  of  these   fissures^  into 
the   bottom  of   which   the   heat   of   the   sun    never   strikes,  manv 
a   laie  fern  and  tlower  grows,  and  every  here  and   there  we  fini 
a   line  of    funnel-shaped    holes   ojx^ning  out  into   channels  in  t.V 
mass   of    the    roek    below.       These   swallow-holes    or  pot-hule«  w? 
a  J  It   to  li<'  in  rows,  each  set  at  a  corresjKmding  distance  from  tiie 
niar^'in  of  the  impervious  shale  or  clay  that  rests  U[M)n  the  Hire 
.stone.      KKewlici-e  we  see  how  the»v  are  formed.      The  water  tlut 
falK  on  tlu*  iissure(l  limestone  runs  into  the  joints,  where  it  falls 
and    never   can    Iw   gathered    into    runlets.       That    which    falls  "I5 
tlh'  imp(M'vious  becls  above  forms  streams  and  rivulets,  and  wiien? 
tiieM'   n«ach   the  <-ave!nous   rock    they  ojM?n    out   tlie    fissuivs  ani 
soon    make    a    wav    for    themselves    bv    chemical    and     meeliai::«'il 
aelion,  ami  ru>h  out  through  caves  of  their  own   making  t*i  j'.'iii 
the  rl\ers   in   tin"  valley   Ik-1o\v. 

Sometimes  the  aeeidents  of  the  nunle  of  distribution  of  th^ 
drift  and  <»ther  superlieial  dejuiNits,  or  the  occurrence  of  a  Ml  of 
broken    rock    have  caused  the  stream  to  seek   the  same  inlet  Ions 


xt  the  impervious  shale  has  been  cut  back  far  from  where  it 
mded  when  the  hole  ongiiiated  But  as  a  rule,  the  first  set 
holes   IS   deserte<l  and   left  dry  when    by   the  cutting  back   of 


Fig.  3. 


(1  inch  =  2  (ect  8  iiiclics.) 
[By  permitaioii  from  <ke  Qimrl.  Joiini.  GeU.  Sof..  Xor.  !SSG.] 

impervious  beds,  the  streamlets  gain  access  to  an  inner  circle. 
us  row  aft«r  row  of  such  holen  remain  witness  to  the  constant, 
•ugh    intermittent,   recession  of   the  impervious  beds   on  which 

water  collected  that  formed  them. 
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This  is  a  sub-aerial  action.  It  is  not  the  waj  the  sn  leii 
on  the  limestone  on  the  shore  where  the  water  cannot  seek  Uer 
levels  through  the  saturated  rock.  This,  then,  is  evideDoe  tkt 
the  steep  slope  above  the  terrace  of  limestone  is  an  escarpiMt 
and  not  a  sea  cliff. 

There  is  other  evidence  also.  If  we  go  to  the  HowgillFeh 
for  instance,  on  the  top  of  which  we  foand  the  esieosMd 
the  West  Riding  Plateau  so  clearly  marked  (see  Fig.  1),  vi 
where,  if  the  limestone  shelves  of  Ingleborough  had  been  doe  ti 
the  sea,  we  might  expect  to  find  also  some  traces  of  the  letifli 
of  shore  waves,  we  cannot  detect  any  cliff  corresponding  to  ^ 
which  follows  the  top  of  the  Mountain  Limestone  of  Inglebowagk. 
Moreover,  the  base  of  the  cliff  always  corresponds  with  the  top 
of  the  Mountain  Limestone,  even  when  the  movements  d  tb 
.strata  have  thrown  that  sometimes  much  higher,  sometimes  m«i 
lower,  while  local  differences  in  thickness,  texture,  and  comp* 
tion  affect  it  irrespective  of  level.  So  that  for  all  these  re»«tfi 
viz.,  that  the  surface  of  the  bared  limestone  shows  evidence* 
the  gradual  sub-aerial  cutting  back  of  the  overlying  shales;  thtf 
tliere  are  no  ancient  sea  cliffs  at  the  corresponding  level  in  w* 
neighbouring  Silurian  mountains;  and,  further,  because  in  tli» 
region  the  level  follows  the  rise  and  fall  of  the  base  of  the  Yew- 
dale  Ut)cks,  and  does  not  appear  to  have  cut  horizontally  WK* 
whatever  bed  was  there,  as  should  be  the  case  were  it  a  sea  difi. 
we  must  infer  that  the  steep  slope  of  the  Yoredale  Rocks  aiw^ 
the  terrace  of  Mountain  Limestone  on  Ingleborough  is  a  sulwtfnil 
escarpment  and  not  a  sea  cliff. 

What  part  in  its  formation  was  played  by  ice  action  « 
must  reserve  till  we  come  to  the  consideration  of  the  glacia' 
phenomena. 

In  sj)oaking  of  these  great  expanses  of  level  rock,  we  ha^ 
had  so  far  no  occasion  to  refer  to  river-plains.  Yet  we  are  not  witl 
out  the  most  striking  examples  of  river  denudation  round  the  bai 
of  Ingleborough.  The  transverse  strath,  drained  by  the  Wennin 
that  bounds  it  on  the  south,  affords  much  matter  for  inquiry  ai 
.speculation.     But   before  we  speculate  upon  its  origin,  let  us  lo( 
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from  the  crags  round  Ingleborough  upon  the  long,  straight 
of  Kingsdale,  Chapel-le-dale,  and   Ribblesdale,  which  are 
of  explanation.     These  three  valleys  represent  three  stages 
history  of  the  cutting   back   of  valleys   into   a   mountain 
The  Carboniferous  rocks  dip  gently  in  a  northerly  direc* 
so    that    the    rim   of    Mountain    Limestone   is  higher  and 
the    further     south    we     trace    it.       If,    then,    anything 
l1<1   sweep  the  surface  of  the  Mountain  Limestone,  or  of  any 
d  the  same  bed  in  it,   quite  bare,  the  water  would  accu- 
on  it,  deepening  to  the  north,  until  a  gorge  was  cut  back 
the  rim  to  tap  it. 
"Thus   we   Rnd   in    Kingsdale   an   alluvial  flat  on  one  of  the 
r  horizons  of  the  limestone,   and   the  water  cutting  a   little 
through  the  rim  at  Thornton  Force  (Plate  XXIII.),  and  so 
Lg  its  way  back  to  tap  the  valley  above.     In  the  case  of  tliis 
jointed  limestone  the  water  does  not  all  wait  till  it  reaches 
^all,  but,  working  down  into  the  cracks  and  opening  them  out 
'^^     ohemica]    and   mechanical   action,  often   carries  all   the  water 
through    the   crevices   so   formed,   while  the  water  tumbles 
the  top  of  the  rock   only  when,  after  heavy  rain,  there  is 
than   the  subterranean   channels  can  carry.      At  the  north 
of  Chapel-le-dale,  where  the  valley  changes  its  character  and 
^*^  limestone  is  much  covered   by  impervious  drift,  this  action  is 
^^ry  striking.      The  greater  part  of  the  water  of  the  stream  is 
S^nerally  lost  in  a  grand  chasm  known  as  Weathercote  Cave,  and 
^^Uy  in  very  heavy  floods  fills  this  to  the  brim,  and  overflowing 
^^ns  on  through  the  surface  channel.     The  water  that  disappears 
^  the  gravel  at  the  bottom  of  Weathercote  Cave  boils  out  below 
^  Jingling   Pot  and   Hurtle  Pot,  and   supplies   the  stream  that 
^*tins  down  Chapel-le-dale. 

On  the  floor  of  Kingsdale  there  is  Mountain  Limestone.  In 
Ohapel-le-dale,  however,  denudation  has  removed  all  the  lime- 
stone, and  the  valley  lies  on  Silurian  and  Bala,  and  perhaps  some 
^Ider  rocks.  The  basement  bed  of  the  Carboniferous  is  seen  some 
^ay.  up  the  hiil  on  either  side.  But  as  the  rim  of  the  Mountain 
Xjimestone   arrested    denudation   and   let   the   stream  wind   about 
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frum  (tide  to  side,  ftlluvul  Asta  were  producvfi  hen 
when*  there  were  in  old  times  smnll  tsnu,  nnd  where 
rain  flooded  meadows  may  now  be  Been. 

Tlie  same  conditions  must  unce  h^Te  prevailed  i 
(Inle.  There,  however,  the  rim  of  limeetone  Ihu  1m 
I'lit  back,  but  the  occurrence  of  beds  of  greater  n|i 
in  the  older  rocka  has  kept  up  the  banier,  nnd  tiiev 
frum  the  first  foils  below  Dale  Hoiue,  by  aUMj  i 
ciiscaile,  to  join  the  Greta  at  Ingleton. 

On  the  other  side  of  Ingleborough  there  U  »  s 
valley,  now  covered  by  the  pretty  artificial  lake  p 
I'liiist  rue  tint;  ^  high  dam  just  above  the  village  of    CI 

Further  east  we  find  the  small  valley  uf  Crum 
{Plate  XXin.).  which  is  of  the  same  type  u  d 
This  valley  lies  chiefly  in  Silurian  and  older  rocks,  bn 
niiicli  euKicr  to  kcc  the  reason  for  each  intermption  in  th 
of  the  features  and  for  the  barrier  which  arrested 
Iwuk  of  the  stream  at  its  lower  end.  Hard  bAnds  of 
s<i  as  to  present  themselves  to  the  denuding  agent  in 
tliiit  miuie  them  least  accessible  to  its  action,  are  se 
I.lie  vallc}'  near  White  Stone  Lane  and  barring  the 
of  Southwuite. 

One  little  tarn  lias  been  filled  up  with  eheU   mar 
ikHil  an  these  an:  both  useful,  the  one  for  dressing  th 
iitlier    for   fuel,  excavations   have   been   made    which 
whole  story  uf   their  origin  and  infilling. 

Further  ea»t  Ktill  is  Itibblesdale,  with  its  barrier 
Aluor  and  Great  Stainforth,  and  rapids  and  watarl 
This  valley  has  b««n  cut  down  further  through 
horizontal  limestone  rock.  Fart  of  it  was  certainly  on 
bv  a  tani,  in  wliich  tlie  trees  and  nuts  brought  clown 
drifted  tliiefly  to  the  south-weat  comer,  where  tliey  are 
found  in  the  peat.  Much  of  this  valley  is  covered  by 
alluvial  mud,  till  we  follow  it  up  to  the  great  maaa 
matter  alwut  Morton  which  the  river  has  not  j-ot  h 
remove  or  level. 


MMACK    DALE. 
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These  dales  running  north  into  the  base  of  Ingleborough 
^nish  clear  examples  of  almost  every  type  of  river  denudation, 
ere  are  the  rapids  and  waterfalls  cutting  back  to  alluvial 
tins  over  which  streams  wandered  about,  widening  their  valleys, 
t  doing  little  to  cut  their  beds  deeper ;  there  are  the  lakes 
3wever  caused)  being  filled  with  alluvium  and  peat. 

Although  they  are  on  a  small  scale,  all  the  most  important 
lenomena  are  represented  here,  and  thus  we  have  as  part  of 
igleborough  examples  of  the  sea-plain,  of  the  bed-plain,  and  of 
e  river-plain  all  clearly  defined  and  accessible. 

I  have  not  touched  upon  the  e£fect  of  glacial  action  on 
lese  features  which  are  primarily  due  to  other  causes,  but  we 
ust  remember  that  the  ice  of  the  glacial  epoch  gathered  on  the 
eights  of  the  old  sea-plain,  crushed  its  way  over  the  Mountain 
imestone  ledges  round  the  flanks  of  Ingleborough,  and,  later  on 
ill,  pushed  long  fingers  of  ice  down  the  deeper  valleys,  leaving,  as 
receded,  the  moraines  which  still  determine  or  modify  denudation. 
I  cannot  name  any   district   in   which    the   ordinary   details 

denudation  and  many  of  its  more  exceptional  operations  can 

so   well  studied  as  within   the  area  which   we   have  included 
fer  Ingleborough  or  in  its  immediate  neighbourhood. 

The  condensation  of  the  moisture  of  the  winds  on  the  cold 
'5^  working  where  no  rain  can  reach  ;  the  action  of  water 
^  or  less  charged  with  acids  on  the  limestones ;  the  fantastic 
^  54  which  are  thus  produced  ;  the  effect  of  this  action  on  a 
^x*  scale  in  the  formation  of  pot-holes,  and  of  underground 
'  Uriels  and   of    valleys   by   tlie   falling-in    of    caves ;    all    claim 

^Ettention   of   the   geological    student.       The    breaking    up   of 
"t    masses   of   jointed   rock   under   the   influence  of   frost  and 

Tnasses   that   in   the   thaw  are  carried  over  the  frozen   snow 
fills    the    place    where    the    talus    should    rest,   and    form 
^^ntic   masses  lying  some  way  in  front  of  the  cliff;   the   cut- 
back   of   gorges   by  the    removal  of   block  after  block,   first 
^<ihed    by   complex    denudation,   then   lifted   out   of  their   bed 
t.he   hydrostatic   paradox   and   hurled   over   the  edges   of   the 

;    all  these,  too,  can  be  studied  here. 
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The  pre-Carboniferou8  sea-plain  was  of  coarse  iiev« 
surface,  but  the  harder  rocks  stood  oat  like  the  enami 
tooth  of  an  elephant  while  the  softer  dentine  was  woi 
We  caiintjt,  however,  assume  that  the  ridges  of  Silu 
Bala  rocks  wliicli  we  observe  to^ay  exactly  measare  the 
iniHjualities  of  the  sea  bottom,  but  they  mast  apprc 
represent  the  relative  heights.  In  Chapel-le-dale  they  i 
little  sht^rt  of  900  feet,  and  only  fall  to  between  700 
f(H»t.  Fn  Cruinmack  Dale,  where  the  tough  Silarian  sf 
cn^ss  the  vallev,  thev  rise  to  only  a  few  feet  short  of  1, 
hut  where  the  I^la  shales  come  out  from  below  the 
south  of  Xorbcr,  the  ancient  surface  on  which  the  Carb 
nx'ks  were  deposited  falls  to  700  feet  above  sea  le 
Fi-.   4). 

Similarly  in  Kibblcsdale  the  tough  sandstones  are 
thruNv  the  base  of  the  Carlwniferous  rocks  up,  while  tl 
IkmIs  form  trou<;hs  into  which  the  earliest  Carboniferous  j 
was  swept.  Thus  the  grits  and  sandstones  of  Great  Si 
lise  to  near   l/JoO  feet  above  sea  level. 

From  these  observations  we  should  infer  that  the  tr 
valleys,  such  as  that  on  the  north  side  of  and  parallel  to 
I^me   betw<'en   Clapham  and   Austwick,  or  that  along   wl 
road    fi'om    Austwick    to   Stainforth    runs    on    the    south 
Moughtoii    Scar,    really    rej^resent    pre-Carboniferous    E.S 
W.X.W.    vallevs   in    the   softer   l)ed8   of    the   Silurian    an 
The  '^reat  heii'ht  of  the  Imse  of  the  Carboniferous  in  M 
Scar,  above   the  general  level   of    the  Silurian  and  Bala 
the  low  <(round  l>etween  Wharfe  and  Swarth  Moor  (see 
is  not,   therefore,  a  proof  of  gre^t   denudation   along  tha 
verse    valley    since    those    l)eds    were    exposed,    but    the 
surface   prolmbly  represents  very  nearly  the   original   pre- 
iferous  sea  Iwttom. 

The  diffei'ence  of  level  corresponds  almost  exactly  wi 
seen  in  section  along  the  west  side  of  Crummack  Dale,  wl 
base  of  the  Carboniferous  rocks  falls  from  nearly  1,200  fee 
west  of  Crummack  to  700  feet  south  of  Norber  (see  Figs.  4 
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The  north  and  south  valleys,  Kingsdale,  Ch&pel-le-dale,  CniiB- 
mack,  and  Ribblesdale,  have  apparently  suffered  considerable  glaciil 
and  post-glacial  erosion. 

Faults. — The  existence  and  effect  of  faults  has  often  beet 
mentioned  in  describing  the  relation  of  the  various  formatioos  to 
one  another,  but  the  phenomena  connected  with  faults  call  for 
special  treatment. 

Nowhere,  even  in  this  district,  can  the  behaviour  of  the  rodo 
along  a  great  fault  be  so  well  studied  as  in  the  gorge  of  the  Tvii 
or  Greet  above  Ingleton,  at  the  sharp  elbow  made  by  the  streaa 
where  it  is  caught  in  the  crushed  and  fissured  rock  and  carried 
out  of  its  southerly  course  for  a  quarter  of  a  mile  or  so  to  the 


i — ^r-^ — y-^ 


Fig.  6. 

SECTION    ACROSS  THK  TWIS   OR  GREET   ABOVE   INGLETON- 

south-east.  The  Bala  limestones  and  shales  are  exposed  along  the 
bed  of  the  stream,  and  pass  under  a  great  mass  of  drift  on  the  left 
bank,  wliile  on  the  right  bank,  which  is  the  downthrow  side  of 
the  fault,  the  Mountain  Limestone  stands  in  a  wall  some  200  feet 
liigli,  alx)ve  which  rises  a  precipitous  broken  slope  for  about 
200  feet  more  before  we  reach  the  level  of  the  broad  limestone 
t^irrace  through  which  the  gorge  has  been  cut  (see  Fig.  6). 

The  upper  part  of  the  face  of  the  limestone  cliff  overhangs 
its  base  in  agreement  with  the  inclination  or  hade  of  the  fault 
U)  the  downthrow  side,  and  sweeps  down  stream  in  bold  curves 
which  represent  the  original  winding  course  of  the  fault.  What 
is  most  striking  in   this  section  is  the  swelling  irregular  surface 
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'  ^he  exposed  side  of  the  fault,  showing  how  much  the  hade  and 
Faction  of  a  great  fault  may  vary  within  short  distances.  The 
ck  is  not  often  much  shattered,  but  from  its  condition  where 
mns  into  the  hill  near  the  elbow  of  the  stream,  and  from  the 
ODMiency  to  flake  which  is  seen  on  many  parts  of  the  face,  it 
ems  probable  that  there  were  some  outside  crushed  layers  having 
rough  cleavage  parallel  to  the  plane  of  the  fault,  but  that  these 
Kve    been   removed   by  denudation   as  the  gorge  was  being  cut 

E>WI1. 

The  exterior  portion  of  the  limestone  near  the  fault-face 
wuines  a  brownish-yellow  colour,  and  is  in  places  honeycombed 
r  weathered  into  irregularly  rounded  cavities  such  as  might  be 
lied  by  geodes.  A  chemical  examination  of  the  changes  in  the 
fountain  Limestone  here  as  it  approaches  the  actual  fault  would 
»robably  yield  some  interesting  results. 

The  Bala  Beds,  on  the  other  hand,  being  composed  chiefly 
if  shale  instead  of  massive  rock,  are  crushed  and  twisted  in  all 
lirections,  and  the  harder  bands  are  thrust  through  the  softer. 
Several  dykes  traverse  the  series,  and  from  the  manner  in  which 
lie  soft  shales  are  moulded  round  them  it  is  clear  that  they  also, 
yeing  of  a  more  unyielding  nature  and  unable  to  accommodate 
iiemselves  to  the  general  kneading  up  of  the  mass  as  readily  as 
ihe  shales,  were  broken  and  thrust  in  among  them. 

This  proves  that  they  were  intruded  at  an  earlier  date  than 
,he  movements  which  crushed  up  the  Bala  Beds,  that  is,  they 
nust  be  earlier  than  the  fault.  As  the  cleavage  of  the  Green 
Elates  and  Coniston  Limestone  series  was  contemporary  with  the 
'olding  by  which  they  were  upturned,  the  dykes,  being  somewhat 
piided  in  direction  by  the  cleavage  plains,  would  therefore  appear 
A>  belong  to  that  enormous  interval  during  which  the  folded 
jrreen  Slates  and  Coniston  Limestone  series  were  being  reduced 
x>  the  "  peneplain "  on  which  the  Carboniferous  Rocks  were 
leposited. 

The  crushing  that  the  dykes  themselves  have  undergone  is 
ihown  in  the  veins  now  Riled  with  carbonate  of  lime  which 
traverse   them.      This  is  especially  noticeable  in  the  tough  grey 
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felspathic  rock  with  small  flakes  of  black  mica,  which  fonni  oee 
of  the  three  principal  dykes  seen  here. 

We  must  not  imagine  that  the  fanlta  in  a  district  like  (Ui 
tuok  place  suddenly.  These  faults  are  merely  easements  doraif 
the  folding  of  the  rocks,  and  therefore,  as  the  folding  wu  a  in 
procesH,  commensurate  with  the  great  denudatiooa  that  planed  of 
the  land  as  it  was  raised,  and  with  the  sedimentation  whid  wy 
tlie  necessary  accompaniment  of  that  denudation,  so  the  balk 
iiiuHt  have  been  going  on  continuously  or  spasmodically  «hik 
depoRits  were  being  laid  down.  They,  however,  may  indiolt 
periodn  of  more  rapid   movement,  in  which  the  rocks   whidi  bd 


nut  time  to  bend  must  break,  and  they  also  point  to  grestet 
inequalities  of  surface  and  generally  suggest  periods  of  locally 
changing  conditions. 

Perhaps  tliere  may  be  some  reason  for  suspecting  that  the 
Dam  House  Uridge  fault  near  Austwick  van  going  on  during 
the  accumulation  of  the  basement  beds  of  the  Silurian  from  tbc 
difference  in  the  character  and  thickness  of  the  conglomerate  on 
the  north  or  upthrow  Hide  of  the  fault  as  compared  with  thatoo 
the  south  side,  and  from  the  great  paleontological  change  which 
marks  the  incoming  of  the  Silurian  and  points  to  altered  geo- 
graphical cunditionH, 
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The  fault  which  crosses  the  top  of  Ingleborough  has  a  very 
displacement.      Indeed,  it  may  be  only  a  shake  and  crack 
a  pre-Carboniferoiis  fault  below.     But  it  is  well  worth  careful 
tion,  as  it  has  obviously  affected  denudation,  and  yet  runs 
the  highest  ground  in  the  district.     Crossing  the  south  end 
the    Millstone  Grit,   it  cracks    the  Main  Limestone  and  the 
e  Grit,  and  can  be  traced  as  a  long  peat-covered  hollow 
the  Mountain  Limestone  below. 
A  point  which  is  specially  deserving  of  careful  attention  is 
upon  our  notice  by  an  examination  of  the  great  cliffy  which 
one  wall  of  the  fault  in  the  Twis  valley.     If  two  curved 


Fig.  8. 

rock  faces  of  that  kind  are  relatively  shifted,  it  is  clear  that  the 
protuberant  parts  must  often  hold  the  walls  of  the  fault  apart 
and  spaces  be  left  which,  if  not  filled  with  crushed  material,  will 
offer  suitable  conditions  for  the  precipitation  and  crystallisation 
of  mineral  matter  (see  Fig.  7).  As  a  matter  of  fact,  we  do  Rnd 
veins  and  lodes  commonly  occurring  in  lenticular  cavities  which 
appear  to  be  formed  in  just  tliat  way.  Sometimes  when  the  fissure 
cuts  across  strata  of  various  degrees  of  compressibility  the  more 
yielding  beds  are  squeezed  out,  filling   the   crack  completely  and 
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even  to  some  extent  creeping  up  between  the  liarder  sfcnU; 
while  new  miiieralH  are  formed  between  the  two  walls  of  the  bdi 
only  in  the  lenticular  open  spaces  where  the  more  solid  stnt& 
hold  the  opposing  sides  apart,  as  shown  in  Fig.  8.  Hence  in 
such  a  case  we  have  galena,  for  instance,  occurring  along  the  kde 
in  such  a  place  as  that  indicated  by  the  *  in  Fig.  7,  whereas  ia 
the  intermediate  stages  the  fault  is  entirely  closed  and  no  ore  ii 
found. 
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THE   GLACIAL   GEOLOGY   OP   BRADFORD, 
fD   THE   EVIDENCE   OBTAINED    PROM    RECENT   EXCAVATIONS   OP   A 
LIMESTONE   TRACK    ON   THE   SOUTH    SIDE    OP   THE    VALLEY. 

BY    JAS.    MONCKMAN,    D.So. 

During  the  past  two  or  three  years  the  building  trade  in 
Iford  has  been  very  brisk,  and  consequently  digging  for 
dations  and  drains  has  been  extensively  carried  on,  with  the 
It  that  large  quantities  of  glacial  material  have  been  exposed, 
^  of  it  in  quite  unexpected  positions. 

The  largest  and  most   important  of    these  masses  is  at  the 
of   the  west  side  of   the  hill  in  Great  Horton.      It  extends 

I  Grange  Road  on  the  one  side  to  Great  Horton  Station  on 
other,  and  from  the  Westbrook  to  the  Escarpment  of  Horton 

On  the  Six-inch  Geological  Map  this  is  marked  as  a  sand- 
c  outcrop,  and  in  fact  it  had  all  the  appearance  of  such,  but 

II  the  builder  proceeded  to  remove  the  soil  and  fill  up  the 
E3y  denuded  by  the  brook,  there  was  no  stratified  rock,  but 
ead  a  great  thickness  of  boulder  clay.  At  the  north  end 
*"  removed  12  feet  of  this,  and  then  dug  10  feet  lower  to 
1  a  drain,   but   did   not   get   to   the   bottom.       Further   south 

excavation  was  not  so  deep.  On  the  opposite  side  of  the 
'k  there  is  not  much  clay,  and  this  rapidly  thins  out,  making 
^pear  that  a  pre-Glacial  valley  has  been  filled  up,  and  after- 
Is  partly  worn  out  again  by  the  present  brook. 
Tlie  workmen,  in  removing  the  clay,  threw  the  boulders  into 
s  and  ridges,  so  that  I  had  a  large  collection  of  material 
-rately  conveniently  arranged  for  examination. 
The  boulders  were  chiefly  sandstones,  with  abundance  of 
of  very  coarse  texture ;  there  were  also  numbers  of  red 
istones  (fine)  and  grits  (coarse),  dark-coloured  limestone  was 
naon,  light-coloured  rarer,  but  still  in  considerable  quantity, 
stones  and  shales  abundant.  I  obtained  about  a  dozen  speci- 
18  of    Silurian  grit,   two  specimens  of    banded  limestone,  and 

of  chert  with  shale. 
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The  upper  part  of  this  boulder  clay  was  yellowish,  ud  tk 
lower  blue.  There  was  no  appearance  of  stratification  exoeplik 
one  place,  where  two  different  kinds  of  material  were  kid  togetlur 
in  a  rough  sort  of  stratified  deposit. 

At   Lidget   Green   specimens  of  limestone   were  found  ist 
blue  clay  at  and  near  the  comer  formed  by  Legrams  Lueiii 
I^kside  Lane,  where  they  dug  for  the  foundations  of  the  ttf 
premises  of   the  Ck>operative   Society,  also  in  the  excavttiovt 
little  further  along  the  road  towards  Bradford  (21  Note),  ^ 
to  the  north  the  clay  ran  out,  and  to  the  south  sandstones  oilf 
have  been  found.     (See  3,  4,  22.) 

Limestone  is  recorded  by  the  Greological  Survey  on  the  Six* 
inch  Map  at  a  point  about  one  mile  above  Leventhorpe  M 
(S.E.  of  the  Hall). 

Blue  clay  with  limestone  was  found  in  digging  for  tht 
foundati(jn  of  the  houses  in  Burnett  Avenue,  Manchester  Roid, 
('23)  ;  it  is  also  found  expased  at  the  sides  and  above  the  end 
of    the  tunnel  Bradford  to  Low  Moor  (25). 

I  have  not  been  able  to  find  limestone  south  of  this  line, 
and  Mr.  R.  T.  Dawson,  whose  work  as  a  contractor  has  given 
him  opportunities  of  judging  perhaps  greater  than  most  men  ii 
(Jreat  Horton,  and  whose  knowledge  of  geology  and  interest  ii 
this  subject  has  caused  him  to  make  and  record  observation 
for  a  number  of  years,  informs  me  that  there  is  abundance  o 
l^'iit  boulders  but  no  limestone  anywhere  on  the  hills  near  Hortoi 
(See  1,  2,  5,  8,  and  a.) 

Mr.  Olliver  reports  that  he  found  limestones,  upon  blue  cla 
with  local  pebbles,  and  overlaid  by  yellow  clay,  at  Lady  Roy 
Thornton  Road  (33).  Lower  down  the  road  there  appears  to  1 
no  limestone  in  the  drift  (28,  9,  10,  11,  18,  19,  B)  until  we  g 
to  Brewery  Street  (28)  and  the  Town  Hall  (30),  and  these  spe 
mens  probably  came  up  the  valley  from  Shipley,  as  did  also  tl 
in  East  13owling. 

When  T  found   the  limestone  I  at  first  considered   it  to 
a  lateral  moraine  of  about  600  feet  elevation.     Additional  wei| 
was  given  to  this  notion  by  the  presence  at  Leventhorpe,  in  ' 
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3j  extending  from  the  Hall  to  the  Mill,  of  a  large  quantity 
lebbles  and  sand  evidently  deposited  in  water.  Mr.  J.  E. 
son  explains  these  and  other  similar  beds  by  supposing  that 
ice,  by  blocking  up  the  outlet  in  the  lower  part  of  the  valley, 
Bd  back  the  water  until  it  rose  high  enough  to  pass  over  the 
ist  part  of  the  ridge  at  Wibsey  Bank,  which  is  about  600  feet 
re  sea  level.  In  this  way  a  lake  was  formed  at  Leventhorpe, 
sand  and  pebbles  were  deposited  by  the  streams  flowing  down 
mton  and  Bell  Dean  valleys. 

There  is  abundant  evidence  that  ice  came  through  Chellow 
0,  but  so  far  I  have  not  been  able  to  find  limestones  in  the 
J.  Mr.  Olliver,  however,  found  them  at  Lady  Royd,  which 
the  line  joining  Chellow  with  Lidget  Green.  All  these  things 
»r  to  show  that  the  ice  came  through  Chellow  Dean  and  crossed 
by  Lidget  Green  to  Grange  Road,  and  so  on  to  Bowling. 
There  are,  however,  points  that  should  be  taken  into  con- 
*ation : — 

L  Limestone  boulders  are  i*eported  by  the  Geological 
Survey  at  a  point  about  level  with  Leventhorpe  Hall 
(29),  or  south  of  the  lake  deposits  mentioned  above. 

2.  Clay  containing  sandstone  boulders,  and  pronounced  to 

be  true  boulder  clay  by  Mr.  R.  F.  Dawson  (8),  is 
found  on  Wibsey  Slack  at  800  feet  above  sea  level. 

3.  The   hills  above   Leventhorpe,  in   the  Thornton    Valley, 

have  the  form  of  glaciated  hills,  although  their 
structure  would  lead  one  to  expect  a  steep  escarpment 
of  sandstone  at  the  top,  and  a  gentle  slope  for  the 
softer  rocks  underneath ;  the  outline  (as  seen  from 
Daisy  Hill  when  looking  up  the  valley)  is  rounded  like 
a  roche  moutonnee. 

4.  At   Clayton,    when    the   workmen    were   digging  a  mill 

dam  behind  Bonn's  Mill,  they  cut  into  a  clay  deposit 

of  great  thickness,  which  I  regard  as  of  glacial  origin. 

These   facts   appear   to   show  that  the  ice  was   at  one   time 

3r  than  it  was  at  the  time  that  the  Leventhorpe  Lake  was 

ed,  and  that  there  were  changes  of  level  in  the  ice  (34  and  24), 
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as  indicated  by  the  sand  and  pebble  beds  in  the  clay  at  Tyersal 
and  at  Woodroyd. 

The  Leventhorpe  beds  themselves  show  the  same,  the  upiier 
plane  at  Leventhorpe  Hall  being  about  level  with  Wibsey  Bani 
and  the  lower  at  the  mill  with  the  gap  at  Laisterdyke. 

It  appears  therefore  most  probable  that  the  lake  was  formed 
when  the  ice  was  retreating. 

If  you  refer  to  the  map  (Plate  XXIV.),  you  will  find  thtt 
the  places  where  limestone  has  been  found  lie  on  a  fairly  straight 
line  from  a  point  above  Leventhorpe  Hall,  through  Lidget  Green, 
(i range  Road,  Manchester  Road,  to  Bowling  Tunnel  and  W«)od- 
royd,  and  this  appears  to  be  the  end  of  a  track  from  some 
})lace  higher  up  Airedale. 

As  there  is  no  light-coloured  limestone  on  the  south  side  of 
the  Aire  Valley  and  no  Silurian  rock,  the  specimens  found  at 
(J range  Road  must  have  come  either  from  the  north  side  at  Malham 
or  from  Ribblesdale. 

It  is  difficult  to  explain  how  they  could  cross  the  Airt 
Valley,  hence  we  are  driven  to  the  conclusion  that  the  Ribble*- 
dale  glacier  was  forced  over  the  low  water-parting  at  Hellifield 
and  so  down  the  Aire  Valley.  The  western  moraine  in  Ribbles- 
dale would  then  become  the  southern  one  in  the  latter  vallev. 
and  the  rocks  that  would  fall  upon  the  ice  from  the  hills  on  the 
west  side  as  it  passed  down  by  the  side  of  Ingleborough,  and  the* 
that  would  be  added  by  the  Crummack  Dale  ice,  would  be  of  the 
.same  nature  as  those  found  by  me  at  Grange  Road  excavations. 

I  am  informed  by  Mr.  Howarth  that  there  is  evidence  near 
Hellifield  that  the  ice  has  passed  over  the  dividing  ridge. 

Since  writing  the  above,  I  have  got  some  additional  indications 
that  the  line  is  continued  in  the  direction  suggested  in  this  paper. 

J  examined  the  workings  at  Many  Well  Springs,  and  found, 
with  abundance  of  angular  sandstones  and  grits  that  were  evidently 
foreign,  one  piece  of  encrinital  limestone  in  the  clay.  Mr.  Tatham, 
who  lias  charge  of  the  farm,  showed  me  a  considerable  numl)er  of 
pieces  of  w^eathered  limestone  in  the  walls  of  the  fields.  We 
examined    them,   and    concludcni    that    they   could    not    have  l>een 
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as  indicated  by  the  sand  and  pebble  beds  in  the  clay  at  Tyersal 
and  at  Woodroyd. 

The  Leventhorpe  beds  themselves  show  the  same,  the  up}>er 
plane  at  Leventhorpe  Hall  being  about  level  with  Wibsey  Bank, 
and  the  lower  at  the  mill  with  the  gap  at  Laisterdyke. 

It  appears  therefore  most  probable  that  the  lake  was  formed 
when  the  ice  was  retreating. 

If  you  refer  to  the  map  (Plate  XXIV.),  you  will  find  that 
the  places  where  limestone  has  been  found  lie  on  a  fairly  straight 
lint  J  from  a  point  above  Leventhorpe  Hall,  through  Lidget  Green, 
Grange  Road,  Manchester  Road,  to  Bowling  Tunnel  antl  Wood- 
royd, and  this  appears  to  be  the  end  of  a  track  from  some 
place  higher  up  Airedale. 

As  there  is  no  light-coloured  limestone  on  the  south  side  of 
the  Aire  Valley  and  no  Silurian  rock,  the  specimens  found  at 
Grange  Road  must  have  come  either  from  the  north  side  at  Mai  ham 
or  from  Ribblesdale. 

It  is  difficult  to  explain  how  they  could  cross  the  Aire 
Valley,  hence  we  are  driven  to  the  conclusion  that  the  Ribbles- 
dale glacier  was  forced  over  the  low  water-parting  at  Hellifield, 
and  so  down  the  Aire  Valley.  The  western  moraine  in  Ribbles- 
dale would  then  become  the  southern  one  in  the  latter  vallev, 
and  the  rocks  that  would  fall  upon  the  ice  from  the  hills  on  the 
west  side  as  it  passed  down  by  the  side  of  Ingleborough,  and  those 
that  would  be  added  by  the  Crummack  Dale  ice,  would  be  of  the 
same  nature  as  those  found  by  me  at  Grange  Road  excavations. 

I  am  informed  by  Mr.  Howarth  that  there  is  evidence  near 
Hellifield  that  the  ice  has  passed  over,  the  dividing  ridge. 

Since  writing  the  above,  I  have  got  some  additional  indications 
that  the  line  is  continued  in  the  direction  suggested  in  this  paper. 

I  examined  the  workings  at  Many  Well  Springs,  and  found, 
with  abundance  of  angular  sandstones  and  grits  that  were  evidentlv 
foi-eign,  one  piece  of  encrinital  limestone  in  tlie  clay.  Mr.  Tat  ham, 
who  has  charge  of  the  farm,  showed  me  a  considerable  number  of 
pieces  of  weathered  limestone  in  the  walls  of  the  fields.  We 
examined   them,  and   concluded    that   they   could    not    have  been 
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parted  on  to  the  land  for  farming  purposes,  but  were  probably 
from  the  clay.  Many  other  specimens  were  found  higher  up 
the  hill  side,  but  I  could  not  be  sure  that  they  were  from  the 
■clay.     This  is  not  so  satisfactory  as  one  could  wish  it  to  be. 

Since  that  time,  Mr.  W.  E.  Holloway  led  the  Bradford  Scientific 
Association  over  Cowling  District,  and  pointed  out  a  deposit  of 
•clay  with  limestone  at  the  head  of  Lumb  Clough  (1,000  feet  above 
sea  level),  and  on  the  same  day  the  Rev.  J.  N.  Lee  showed  us 
an  immense  deposit  in  the  valley  below  the  village. 

More  recently,  Mr.  H.  B.  Muff  has  published  his  researches 
on  the  Upper  Aire  Valley,  and  he  traces  a  lateral  moraine  down 
the  south  side  until  it  arrives  at  Denholme,  then  turns  north 
Along  the  watershed  and  through  the  gap  at  Chellow  Dean. 
(See  paper  at  the  British  Association,  Bradford.) 

Later  still,  Mr.  K  E.  Gregory  and  I,  in  examining  the  lake 
deposits  at  Leventhorpe,  have  found  evidence  to  show  that  prior 
to  the  formation  of  the  lake  the  whole  district  was  covered  with 
ice,  and  that  it  came  down  Bell  Dean. 

Underlying  the  gravels  there  is  a  bed  of  very  stiff  blue 
boulder  clay  exposed  in  the  bed  of  Pitty  Beck,  about  100  yards 
below  the  Thornton  Road  bridge ;  also  a  deposit  of  clay  with 
boulders  on  the  side  of  the  hill  (600  feet  above  sea  level)  and 
200  yards  below  Pitty  Bridge.  Here  we  found  one  specimen 
polished  and  scratched,  the  striae  running  E.  and  W.  or  in  a  line 
with  the  valley.  On  both  sides  of  the  footbridge,  over  which 
the  path  from  School  Green  to  Clayt<»n  crosses  the  Thornton 
Beck,  we  found  several  limestones  (both  dark  and  light),  a  con- 
siderable quantity  of  gannister,  and  some  very  rough  grits,  some 
of  which  contained  large  quartz  pebbles;  and  in  the  gravel  pit 
near  Thornton  Road  limestone  and  chert  (rounded  and  angular) 
evidently  derived  from  pre-existing  glacial  drift  higher  up  Bell 
Dean. 

More  information  is  required  before  a  full  explanation  of 
the  Bradford  deposits  can  be  attempted,  and  the  Sub-Committee 
formed  for  the  purpose  will  be  glad  of  any  aid  that  can  be 
given  to  them. 
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ON  THE  FISH  FAUNA  OF  THE  YORKSHIRE  COAL  MEASURES. 
BY  EDGAR  D.  WELLBURN,  L.R.C.P.,  F.G.S.,  F.R.I.P.H.,  ETC. 

Introduction. 

In  Yorkshire  only  the  Lower  and  Middle  Coal  Measures  are 
present,  the  Upper  being  absent. "^^  On  the  north  and  west  the  coal- 
field is  bounded  by  the  Millstone  Grits ;  on  the  east  they  sink  below 
the  Permian  Limestones,  and  on  the  south — through  the  Bamsley 
beds — they  become  continuous  with  the  Derbyshire  coalfields. 

The  Lower  Coal  Measures  extend  from  the  Rough  Rock 
[Millstone  Grits)  at  the  base  to  the  Silkstone  or  Blocking  Coal 
it  the  top,  and  are  composed  of  thick-bedded,  often  coarse,  grit 
rocks,  with  thick  intermediate  beds  of  shales,  with  occasional 
teams  of  coal.  That  some  of  these  coal  seams  were  laid  down 
under  marine  conditions  (estuarine)  is  certain,  and  especially  is 
this  the  case  of  the  Halifax  Hard  Bed  Coal,  where  fish  remains 
ire  associated  with  a  distinct  marine  fauna  consisting  of  GoniatiteSy 
Orthocercuff  Avicvlopecten,  Posidonomya,  &c.  Higher  in  the  series 
Fresh  water  conditions  appear  to  have  prevailed,  the  measures 
i3eing  of  the  Lagoon  type,  the  shales  not  only  yielding  fish 
remains,  but  also  a  good  assortment  of  land  plants  and  fresh  water 
[nollusca,  and  occasionally  remains  of  Lahyrinthodants  are  found. 

The  Middle  Coal  Measures  consist  of  rapidly  alternating 
ihales  and  sandstones,  with  frequent  recurring  coals.  These 
measures  were  in  all  probability  laid  down  in  a  series  of  lagoons 
3V  lake  basins,  and  appear  to  have  been  of  fresh  water  origin. 
Several  of  the  seams  have  yielded  fish  remains,  and  one — the 
Cannel  at  Tingley,  near  Leeds — contains  a  most  remarkable  series 
of  fish,  many  of  the  specimens  being  in  a  nearly  perfect  condition, 
whereas  in  the  other  coal  shales — both  in  the  Middle  and  Lower 
Measures — the  fish  remains  are  only  found  in  a  very  fragmentary 
condition. 

*  Prof.  Greeu  gives  some  measures  in  the  Conisborough  district  as  probably 
belonging  to  the  Upper  Coal  Measures  (see  Geology  of  the  Yorkshire  Coal 
Fields). 
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With  the  exception  of  the  Cannel  Coal  at  Tingley — where 
the  fish  remains  are  found,  not  only  in  the  shale  or  "  Hubb,"  bat 
also  in  the  coal  itself —the  remains  are  found  in  the  shale  imsat- 
diately  above  the  coal  seams,  being  most  plentiful  in  the  shaie 
lying  directly  on  the  coal. 

Habits  of  Life. — Wlien  we  come  to  consider  under  what 
conditions  the  fish  lived,  and  their  habits  during  the  deposition  of 
the  Coal  Measures,  we  are  faced  with  a  rather  difficult  proUem, 
as  we  find  Elasmobranchs,  Teleostians,  and  in  some  districts  even 
Dipnoian  fishes  mingled  together  in  such  a  manner  as  to  point 
to  the  fact  that  they  must  have  been  associated  during  life- 
Representatives  of  the  Elasmobranchs  are  found  not  only  above 
the  Halifax  Hard  Bed  Coal,  which  is  undoubtedly  of  marine 
origin,  but  also  in  most  of  the  beds  higher  in  the  measures,  where 
the  coal  seams  appear  to  have  been  formed  under  fresh  water  condi- 
tions. The  Chondrostian  Teleostiana — represented  by  the  families 
Palfeonivscidji'  and  Platysomidw — are  also  found  in  beds  of  both 
fresh  water  and  marine  origin,  this  going  to  prove  that  they— 
like  their  living  representative,  the  Sturgeon — were  able  to  exist 
under  both  these  conditions ;  but  when  we  come  to  the  Dipnoi 
— fishes  which  are  represented  in  the  Yorkshire  Coal  Measures 
by  the  family  Ctenodontidae — their  remains  have  hitherto  only 
occurred  in  IxkIs  of  undoubted  fresh  water  origin.  Again,  the 
CrosHoptrrygidian  Teleostian  genera,  Megalichthys  and  Ccdacanikut 
— whose  living  representative  Polyptei'^is  is  at  present  found  living 
in  the  rivers  of  Africa — are  found  in  all  the  fish-bearing  coal 
shales  in  both  the  Middle  and  Ijower  Measures — i.e.,  in  beds  of 
marine  and  fresh  water  origin.  These  facts  may,  I  think,  be 
explained  by  the  supposition  that  the  lakes  or  lagoons,  in  which 
the  coals  of  the  Middle  and  the  greater  majority  of  the  seams  of 
the  Lower  Measures  were  laid  down,  were  at  one  time  in  direct 
communication  with  the  sea,  but  that  subsequently,  owing  to  some 
elevation  of  the  land  or  some  other  cause,  they  became  shut  off 
from  the  sea,  this  producing  salt  water  lakes  containing  fish  of  a 
marine  type.  Then  it  seems  reasonable  to  suppose  that  the  water, 
being  fed    by  rivers   and    streams   from    the    land,  would   become 
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kdually  less  and  less  salt,  until  no  trace  of  its  marine  origin 
nained,  and  that  the  sharks  and  any  other  marine  fauna  present 
•old  adapt  themselves  (as  they  have  been  proved  to  do  at  the 
asent  day)  to  their  gradually  changing  surroundings,  and  that 
3  conditions  now  being  favourable,  fresh  water  fish  would  emi- 
ite  from  the  surrounding  rivers  and  streams,  so  that  we  should 
sntually  have  a  fresh  water  lake  with  a  fish  fauna  of  both  fresh 
kter  and  marine  types. 

In  studying  the  life  history  of  the  Yorkshire  Coal  Fishes, 
at  of  CodacarUhtis  stands  out  as  of  special  interest.  These  fish 
9  present  in  great  numbers  in  the  Cannel  Coal  at  Tingley,  which 
il  appears  to  have  been  formed  in  a  shallow  lake  of  no  great 
tent,  the  coal  rapidly  thinning  out  in  all  directions ;  and  it  seems 
^hly  probable  that  at  certain  seasons  semi-stagnant  and  even 
ied-up  conditions  prevailed,  and  it  was  probably  to  meet  these 
bter  conditions  that  the  fish  Codacanthits  were  provided  with 
^t  may  be  termed  their  greatest  *'  physiological  peculiarity," 
eir  swim  bladder,  as  it  was  probably  by  this  means  that  they, 
:e  the  lung  fishes  of  the  present  day,  were  enabled  to  live 
iring  the  dry  seasons,  their  swim  bladder  acting — for  the  time 
ling — as  a  lung.  That  the  swim  bladder  did  play  such  a  part 
rendered  highly  probable  by  their  peculiar  anatomical  structure. 

Remarks  on  the  Fish  Remains. 

Sub-class  :   Elasmobranchii. 

Order :   Icuthyotomi. 

Family :    PleuracanthidjB. 

Genus:   Pleuracanthus  Aga^aiz,  1837. 

The  Yorkshire  coalfields  have  yielded  the  spines  of  several 
ecies  of  this  genus,  many  being  in  a  fine  state  of  preservation, 
it  others  show  all  stages  of  erosion,  some  being  destitute  of 
•nticles  and  blunt-pointed,  and  in  these  latter  specimens,  the 
perficial  smooth  layer  having  been  removed,  the  spines  appear 
a  fibrous  texture.  To  the  author  CompsacarUhtM  tricmgularis 
avis;  CompsacarUhus  major  D&yis yPhricacanthus  biserialis  Davis; 
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and  the  following  species  of  PleurctcanthnSj  viz.,  erecHu  Davis; 
planus  Agassiz ;  Wardi  Davis ;  ptiicheUtts  Davis ;  appear  to  have 
been  founded  on  spines  of  PleuracatUhtM  in  various  stages  of 
erosion. 

The  following  appear  to  be  good  species : — 

P.  Imvissimus  Agassiz,  1837. 

P.  robustus  Davis,   1880. 

P,  cyliiidricus  Agassiz,  1843. 

P.  alutus  Davis,   1880. 

P.  cdtemidentatiis  Davis,  1880. 

P.  tenuis  Davis,   1880. 

P,  denticulatus  Davis,  1880. 

P.  horidus  Traquair,   1881.* 

P.    Wardi  Davis  ?,   1880. 
Form,  and  Loc. :   See  Table  of  Distribution. 

Genus :    Diplodus  Agassiz,   1843. 

It  certainl}'  appears  to  the  author  that  this  genus  should  be 
merged  with  that  of  Pleuracanthus.  Teeth  of  Diplodus  gibbosut 
Agassiz  are  found  in  the  Staffordshire  Coal  Measures  in  such 
a  close  relation  to  P.  cylindricus  as  to  leave  little  doubt  that  they 
l)elong  to  one  and  the  same  fish ;  again,  in  the  Yorkshire  Measures, 
where  P.  cylindricus  Ag.  is  somewhat  rare,  teeth  of  the  type 
D.  (jibhosus  Ag.  are  less  commonly  met  with  than  those  of  the 
type  D.  tenuis  A.  Smith  Woodward.  These  facts  appear  to 
point  strongly  to  the  conclusion  that  the  teeth  D,  gibbosus  pertain 
to  P.  ct//indrirnsy  and  those  of  the  type  D.  tenuis  to  P.  tarmssimw 
and  others. 

Sp.  D.  gibbosus  Agassiz,   1843. 

Not  very  widely  distributed  or  common. 

Sp.  D.  tenuis  A.  S.  Woodward,   1889. 
Widely  distributed  and  common. 

Family :  CladodontidaB. 

Genus :  Clndodus  Agassiz,   1843. 


There  is  a  spine  in  the  Natural  History  Museum,  Cromwell  Road,  Ubelled 
/*.  horidiu*  Traq.  (from  the  Bettor  Bod  Coal),  Clifton,  near  Halifax. 
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Sp.  Cladodtis  species? 

Teeth  rare,  distribution  very  limited. 

Genus:  Fhcebodital  St.  John  and  Worthen,  1875. 
One    tooth    from    the    Better   Bed   Coal   Shale,    Low   Moor, 
appears  to  show  the  characters  of  this  genus,  the  principal  lateral 
cones  of  the  tooth  being  as  large  as  the  median  cone. 

Order:  Selachii. 

Sub-order :  Tectospondyli. 

Family :  Petalodontidse. 

Genus:  Janassa  Munster,  1832. 
Sp.  J.  lingtufformis  Atthey,  1870. 

Teeth  rare  and  distribution  very  limited. 
Sp.  J,  stdcdtus  sp.  nov. 

Type :  Teeth,  author's  collection.  After  having  carefully  com- 
pared these  teeth  with  the  specimens  of  Janassa  in  the  British 
Museum  (Natural  History),  Cromwell  Road,  and  with  the  figures 
and  descriptions  of  Munster^  and  others,  I  am  of  the  opinion  that 
these  teeth  belong  to  a  new  species,  for  which  I  propose  the 
specific  name  ^^  siUccUiis,^*  as  their  chief  peculiarity  is  a  deep,  well- 
marked  sulcus  on  their  anterior  surface,  the  crown  is  thin  and 
petal-shaped,  the  base  broad  and  crossed  by  several  well-marked 
transverse  ridges.     Teeth  rare,  distribution  limited. 

Genus  :  Petalodiis  Owen,  1840. 
Sp.  P.  hastiiigituf  McCoy,  1855. 

Teeth  not  common,  distribution  very  limited. 
Sp.  P.  ortuUus  sp.  nov. 

Type  :  Teeth,  author's  collection. 
The  teeth  in  general  form  resemble  those  of  the  last  species, 
but  differ  in  the  fact  that  the  anterior  surface  is  ornamented 
with  a  series  of  sharply -cut  grooves  arranged  in  festoons,  one  series 
being  median  and  two  lateral.  I  have  compared  the  teeth  with 
the  Petalodont  Teeth  in  the  British  Museum  (Natural  History), 
Cromwell  Road,  and  as  I  have  not  seen  any  teeth  showing  the 
above  characters,  I  venture  to  consider  the  species  as  new. 
Form,  and  Loc. :  Better  Bed  Coal,  Low  Moor. 

•  Beitr.  Petn^falct  i.,  p.  67,  pi.  iv.,  Figs.  1,  2. 
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Genus  :  Ctetioptt/chiiis  Agassiz,  1838. 

Sp.  C.  apicaliit  Agassiz,    1838, 

Teeth  not  very  common,  but  fairly  well  distributed. 

Genus :  Ccdlopristodus  Traquair,    1888. 

8p.  C.  pectinatua  Agassiz,   1838. 

Teeth  rare,  distribution  very  limited. 

Sub-order  :  Atterospondyli. 
Family :  Cochliodontidse. 
Genus  :  Jlelodiis  Agassiz,  1838. 

8p.   //.  simplex  Agassiz,  1838. 

Teeth  not  rare,  distribution  not  extensive. 

Genus  :  Phuroplax  A.  Smith  Woodward,  1889. 
8p.  V.  Bankinei  Handcoek  and  Atthey,   1872. 

Teeth  moderately  common  above  the   Better  Bed  Coal,  but 
not  common  elsewhere.     Distribution  somewhat  limited. 
Sp.  P,  Attheyi  (W.  J.  Barkas,  1«74), 

Teeth    rare,   distribution   limited. 

Family  :  Cestraciontidae. 

Genus :  Sphemicanthiui    Agassiz,    1837. 

8p.  >S'.  hyboides   (Egerton,   1853). 

Spines    and    Teeth  :    Spines    common    and    fairly    well   dis- 
tributed ;  teeth    not   common. 

Sp.  S.  frquistriatus    Davis,   1879. 

Spines  not  common,  distribution  limited. 

Sp.   *S'.   minor  Davis,    lb79.  . 

Spines  not  common,  distribution  limited. 

Sp.  *V.  sp.  nov. 

Rare,  distribution  very  limited. 

Order  :    Acaxthodi. 

Family  :  Acanthodidie. 

Genus  :  Acanttwdes  Agassiz,   1833. 

Sp.  A.    Wardi  Egerton,   18GG. 

Fragmentary  remains  moderately  common  and  well  distributed. 
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^p.    A,  major  Davis,  1894. 

To  the  author  it  appears  to  be  certain  that  there  are  two 
pecies  of  Acanthodes  in  the  Yorkshire  Coal  Measures,  one  being 
.  very  much  larger  species  than  A.  Wardi.  I  have  seen  spines 
if  this  species  fully  seven  inches  in  length,  and  after  having 
txamined  some  hundreds  of  these  spines  of  Acanthodas,  I  have 
lot  been  able  to  trace  any  intermediate  forms  which  would 
uggest  that  A.  Wardi  was  a  young  form  of  the  larger  species, 
knd  this  being  so  it — to  me — seems  justifiable  for  the  present  to 
"etain  A.  major  Davis  for  the  larger  forms. 

Fairly  common,  but  distribution  limited. 

Genus  :  Acanihodopsis   Handcock  and  Atthey,   1868. 
5p.   A.    Wardi  Handcock  and  Atthey,  1868. 

Part  of  a  jaw  with  teeth. 

Rare,  distribution    very   limited. 

TCHTUYODOBULITES. 

Grenus  :  Homa>canthtis  Agassiz,   1845. 
3p.  J£,  microdus  McCoy,  1848. 

Two  spines  in  the  author's  collection  show  well  the  characters 
af  this  species. 

Form,  and  Loc.  :  Shale  above  the  Crow  Coal,  Leeds,  and 
Better  Bed  Coal,  Low  Moor. 

Genus  :  lloplonchua,   1876. 
Sp.   H.  elegatm  Davis,   1876. 

There  are  two  distinct  forms  of  the  spines  of  this  species,  one 
being  straighter,  longer,  and  more  robust  than  the  other,  which 
is  much  more  arched  and  slender.  They  are  probably  the  anterior 
and  posterior  dorsal  fin  spines  of  the  fish.  To  the  author  this 
^enus  appears  to  be  distinct  from  the  last. 

Not  common,  distribution  limited. 

Genus:  Ostracanthua  Davis,   1879. 
Sp.    0.  dHatus  Davis,   1879. 

Only  the  type  specimen  is  known,  and  to  the  author  it 
appears  to  be  probable  that  the  Ichthyolite  may  be  the  basal 
portion  of  a  spine  of  some  species  of  Fleura/santhus. 

Form,  and  Loc. :  Cannel  Coal,  Tingley. 
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Genus :  LejrracanthiiSy  1869. 
Sp.  L.  Colei  Owen,  1869, 

Not  common,  distribution  limited. 
Sp.   L,  rectiui  Wellburn,    1899. 
Type  :  Author's  collection. 
Rare,  distribution  very  limited. 

Genus  :  En^^teni'ns  unUateralis  (W.  J.  Barkas,  1874). 
Rare,  distribution  very  limited. 
Sub-class  :  Dipnoi. 
Oi-der:  Sirenoidei. 
Family :  Ctenodontidee. 
Genus  :  Ctenodtts  Agassiz,   1838. 
Sp.  C.  crislatus,   1838. 

Not  common ;  teeth,  ribs,  scales,  <!^c. ;  distribution  limited. 
Genus  :  Sageiwdivs  Owen,   1867. 
Sp.  *S'.   ina'ijualis  Owen,   1867. 

Teeth  rare,  and  distribution  very  limited. 
Sub-class  :  Teleostomi. 
Order :  Crossopterygii. 
Sub-order :  Rhapidistia. 
F'aniily :  Rhizodontidte. 
Genus:  Rhizodopsis  Young,  1866. 
Sp.  R,  sauroides  (Williamson,   1837). 

In  the  author's  collection  are  good  specimens  of  this  fish 
from  the  Cannel  Coal,  Tingley.  In  a  fragmentary  condition,  the 
fish  is  widely  distributed,  but  is  nowhere  very  common. 

Genus :    Strepsod?(^  Young,   1866. 
Sp.  *S'.  sauroides  (Binney,    1841). 

Only  found   in  a  fragmentary  condition,  but  in   the  author'a 
collection  are  fine  specimens  of  the  ClaWcle,  Infraclavicle,  scales, 
teeth,  ifec.      Distribution  wide. 
Sp.  *S'.  sulcidens  Handcock  and  Atthey. 

In  the  Brighouse  Museum  there  is  part  of  a  fine  MandUniUxr 
ramus* — seen  from   the   inner  side — showing   three   fine   laniary 

♦  See  Wellburn,  Proc.  Yorks.  Geol.  and  Polytec.  Soc.,  Vol.  XIV., 

Part  I.,  p.  86. 
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teeth.     This  specimen  was  found  in  the  shale  above  the  Better 
Sad  Goal,  Low  Moor.     Very  rare,  distribution  very  limited. 
Family :  Osteolepidte. 
Genus:  Megcdichthys  Agassiz,   1844. 
8p.  M,  Hibherti  Agassiz,  1844. 

The  Yorkshire  Coal  Measures  have  yielded  some  of  the  finest 
known  specimens  of  this  fish  ;   Agassiz's  Type  and  the  beautiful 
fish  in  the  Leeds  Museum  having  been  found  in  these  measures. 
Common  and  widely  distributed. 
Sp.  M.  pygmcBvs  Traquair,   1879. 

In  the  author's  collection  are  several  fine  MandibtUar  rami 
and  other  fragmentary  remains  of  this  fish.     Rare,  and  not  widely 
distributed. 
Sp.  M.  intermedhis  A.  S.  Woodward,   1891. 

Present  in  a  fragmentary  condition.     Rare,   not  widely  dis- 
tributed. 
Sp.  M.  coccolepis  Young,  1870. 

Present,  but  rare;  distribution  very  limited. 
Sub-order :  Actinistia. 
Family :  C(Blacanthid»3. 
Genus:  Caddcanthiis  Agassiz,   1844. 
Sp.  C.  thigleyeiuds  Davis,   1884. 

The  Cannel  Coal  at  Tingley  has  yielded  many  beautiful 
specimens  of  this  fish,  but  the  fish  is  not  peculiar  to  that  district, 
being  found  in  other  districts. 

Not  common  except  at  Tingley,  distribution  not  wide. 
Sp.  C.  elegans  (leptivrus  Ag.)  Newberry,   1856. 

This  species  is  one  of  the  most  common,  and  has  the  widest 
distribution  of  any  fish  in  the  Yorkshire  Coal   Measures,  but  is 
generally  found  in  a  very  fragmentary  condition. 
Sp.   C.  PhUlipsi  Agassiz,   1844. 

The  type  of  this  species  was  found  in  a  "  Baum  Pot "  above 
the  Halifax  Hard  Bed  Coal ;    it  is  the  only  specimen  known. 
Sp.  C  elongattbs  Huxley,  1866. 

In  the  author's  collection  are  specimens  from  Tingley,  showing 
well  the  characters  of  this  fish.     Rare;  only  found  in  above  locality. 
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Sp.  C.  robiutttut  Newberry,   1856. 

Fragmentary  remains  from  the  Better  Bed  Coal,  Low  Moor, 
show  the  characters  of  this  fish.     Rare. 
Sp.   C  granulo»triatu8  sp,  nov. 
8p.   C.  distaiM  sp.  nov. 
8p.   C    Woodwardi  sp.  nov. 
8p.   C.  tuhercidatus  sp.  nov. 
8p.   C.  apiiiatus  sp.  nov. 
8p.   C  corrugcUns  sp.   nov. 

Order :  Actinopteryoii. 
Sub-order :  Chondrostei. 
Family  :  Palseoniscidw. 
Genus  :  Goiuttodus  Traquair,   1877. 
Sp.   G.   (MofijneMxi  Traquair  ?  1888). 

llare,  onl}'  found   in  Better  Bed  Coal  Shale, 
(lenus  :  Cycloptychiim   Young,   1865. 
Sp.   (J.  rarhatun'iuM  Young,   1866. 
Fragmentary  remains. 
Rare,  distribution  very  limited. 

Genus :  Rhadinichtht/s  Traquair,   1877. 
Sp.  Ji.  vion^7ii<vi  Egerton,    1850. 

A    very    beautiful    specimen   of    this    fish*,    in    the    authors 
collection,    was    found    in    the    shale    above   the   Bamsley  Thick 
Bed   Coal.     The  fish    in  a  fragmentary  condition  is    widely  dis- 
tributed, and  is  not  uncommon. 
Sp.  R.  Phinti  Traquair,   1888. 
Fragmentary  remains. 
Rare,  distribution  very  limited. 
Sp.   R.  macrodon  Tracjuair,   1886. 
PVagmentary  remains. 
Rare,  distribution  very  limited. 
Sp.  R.  Haiidcocki  Woodward  and  Serborn,   1890. 
Fragment^iry  remains. 
Rare,  distribution  very  limited. 


♦  ♦^j 


See  Wellburn,  Cieo.   Mag.,  New  Series,  Dec.   IV.,   Vol.  V.,  No.  IX. 
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Genus:  Elonichihya  Giebel,    1848. 

E,  Aitkeni  Traquair,  1886. 

E,  Egertmii  (Egerton),    1850. 

E.  semislriatus  Traquair  1877. 

E,  caudalia  Traquair?  1877. 

E.  oUongVrS  Traquair?  1877. 

.   E,   Traqtiairi  sp.  nov. 

All  the  above   species   of   Ekmichthys  are — with    the   excep- 

n    of   a   single   specimen   of    E.   Aitkeni  Tr.,   which  shows    the 

ver   half   of   the    fish    for    about    two-thirds   its   length — found 

a   fragmentary   condition.     None   of    them   are   common,    and 

eir  distribution  is  limited. 

Genus  :  Acrolepis  Agassiz,   1833. 

».  A.  Hopkhisi  McCoy,   1844. 

Present  mostly  in  a  fragmentary  condition,  but  one  fine 
ecimen — which  is  in  the  British  Museum  (Natural  History), 
•omwell  Road  —  was  found  in  a  "  Baum  Pot "  in  the  shale 
ove  the  Halifax  Hard  Bed  Coal. 

Hare,  distribution  limited. 

Family  :  Platysomatidse. 

Genus :  Mesolepis  Young,  1 866. 

).  M.   Wardi  Young,  1866. 

In  the  author's  collection  there  is  a  specimen  of  Mesolepis 
3m  Tingley;  the  posterior  two-thirds  of  the  body  is  shown, 
so  the  dorsal  and  caudal  fias,  but  the  ventral  is  absent.  From 
e  general  form  of  the  fish  T  place  it  in  this  species.  Fragmentary 
Doains  are  rarely  found  in  Better  Bed  Coal  shale,  Low  Moor. 

Rare,  distribution  limited. 
i,  M.  scalaris  Young,  1866. 

There  are  two  specimens  from  Tingley  in  the  author's  collec- 
>n,  which,  from  the  deep  form  of  the  body,  appear  to  belong  to 
is  species. 

Rare,  distribution  very  limited. 
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Genus  :  Cheirodus  McCoy,   1848. 
Sp.  C.  granulosus  (Young,   1866). 

Fragmentary  remains. 

Very  rare,  distribution  very  limited. 
Sp.   C.  striatus?  (Handcock  and  Atthey,   1872). 

Some  scales  from  the  Better  Bed  Coal  shale  show  the  charK- 
tors  of  this  fish.  They  are  ornamented  with  vertical  stris,  and 
the  articular  peg  is  strong  and  broad,  extending  nearly  the  wiiole 
width  of  the  scale. 

Very  rare,  distribution  very  limited. 
Genus  :  Platt/somus  Agassiz,  1835. 
Sp.  P.  Fosteri  Handcock  and  Atthey,   1872. 

In  the  author's  collection  are  two  very  fine  specimens  of  this 
fish  from  Tingley.  One  shows  the  head  and  the  body — with  the 
i'xception  of  a  small  portion  of  the  ventral  surface — to  the  com- 
iiicncenient  of  the  caudal  fin. 

Not  common,  distribution  limited. 
Sp.   /'.  parvnJus  Williamson,   1849. 

Fragm(»ntary  remains. 

Rare,  distribution  limited. 
S{).   P.   tenuistriatus  TTdL(\\X2i\Yl  1879. 

A  group  of  scales  from  the  Barnsley  Thick  Bed  Coal  shile 
apjx'ars  to  show  the  characters  of  this  species ;  they  are  on»- 
inented  with  tvr?/  fine  vertical  striae,  and  the  scales  are  high  tnd 
narrow. 

Rare,  distribution  very  limited. 
Sp.    P.  sp.  nov  ? 

The  scales  are  ornamented  with  widely-spaced,  irregular, 
branching  vertical  striae.     Rare,  distribution  very  limited. 

Notp:. — It  is  the  intention  of  the  author  to  describe  the  new 
i^pecies  in  detail  later. 

I  Ciinnot  conclude  without  expressing  my  warmest  thanks  to 
the  following  gentlemen  for  their  great  and  kindly  help,  viz.:— 
Dr.  R.  H.  Traquair,  F.R.S.,  Dr.  Smith  Woodward,  F.L.S.,  John 
Ward,  Esq.,  F.G.S.,  and  Messrs.  J.  W.  Bond,  of  Leeds,  and  W. 
Hemingway,  of  Barnsley. 
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r   the  occurrence  of  fish  remains  in  the  limestone  shales 
(toredale)  at  crimsworth  dean  (horse  bridge  clough), 
near  hebden   bridge,    in  the  west  riding 

of  yorkshire. 

by   edgar  d.  wellburn,  f.g.s. 

Introduction. 

At  the  above  locality  a  valley  has  been  cut  out  across  the 
ip  of  the  Strata — through  the  Kinder  Scout  or  lower  beds  of 
be  Millstone  Grits  and  the  underlying  Limestone  Shales  (Yore- 
ales).  A  few  years  ago  there  was — in  these  latter  beds — a  good 
Kposure  of  "Black  Limestone/'  which  had  been  cut  through  by 
le  stream.  At  the  present  time,  however,  there  is  none  of  this 
mestone  to  be  found,  and  this  is  unfortunate,  as  it  was  literally 
rowded  with  fossils  in  a  beautiful  state  of  preservation  (GonicUiteSy 
^autilus,  Orthoceras,  Aviculopecten,  *fec.),  and  in  rare  instances. 
sh  remains  were  also  found.  Most  of  these  latter,  having  found 
leir  way  into  private  collections,  have  been — with  the  following 
Kceptions — lost  sight  of. 

Description  of  Fish  Remains. 
Sub-class  :  Elasmobranciiii. 
Order:  Ichthyotomi. 
Family :  Cladodontidae. 
Genus:  Cladodus  Agassiz,   1843. 

.  mirabilis  Agassiz,   1843. 

A  8p)ecimen  in  the  collection  of  Dr.  Wheel  ton  Hind,  F.G.S., 
lows  portions  of  two  teeth  of  this  species,  one  being  seen  in 
apression. 

The  teeth  are  of  moderate  size,  the  height  of  the  central 
)nes  of  the  crown  of  the  more  perfect  one  being  10  mm.     The 
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l)aso  is  semicircular,  thick,  strong,  and  extends  horizontallj  more 
or  less  at  right  angles  to  the  cones  of  the  crown,  and  its  nnder- 
side  is  concave  at  the  centre.  The  root  is  not  well  shown.  Of 
the  crown  of  the  teeth,  only  the  central  cusp  is  shown  in  one 
tooth,  the  other  showing  (in  impression)  the  central  and  one 
lateral  cone.  The  characters  of  the  cones  are  well  shown  in  the 
former  tooth,  which  is  very  w^ell  preserved ;  it  is  thick,  drculir, 
and  very  strongly  attached  to  the  l)ase,  abruptly  tapering,  sligbtiy 
incline<l  backwards,  and  from  each  side  of  the  cone  —  slightW 
below  its  apex — a  sharp  cutting  edge  runs  laterally  on  to  the  base. 
The  lateral  cone  is  not  well  shown,  but  it  appears  to  lean  slightlj 
outwards,  and  it — as  well  as  the  central  cone — shows  well-marked 
longitudinal  strise  running  from  the  base  upwards. 

Form,   and   Loc. :    Limestone   Shales  (Yoredales)  Crimsworth 
Dean. 

Order  :  Selachh. 

Sub-order :  Asterospondyli. 

Family  :  Cestraciontidoe. 

Genus  :  Orodus  Agassiz,   1838. 

0.  elo7igatu8  Davis,   1883  (ex  Agassiz  M.S.). 

Aiiotlier    specimen   in    the    collection    of     Dr.    Hind    shows 
several  more  or  less  imperfect  teeth  of   the  above  species. 

The   teeth   are  very  long    in  -  proportion   to   their  width,  one 
— although   the  whole  length  is  not  shown — being  extremely  so, 
tlio  length  of   the  part  shown  being  22  mm,  whereas  the  greatest 
width   is  only  3  mm.      In   this  specimen  the  central  prominence 
is    imperfect,   but   the   lateral    ridges   extending   from    it   towards 
the  extremities   of   the    tooth   are  well   shown,  especially   on  the 
longer  lateral  prolongation,  and  from  this  lateral  carina  secondary 
ridges    branch    out    irregularly    on    either    side,    the   longer  ones 
reaching  the  basal  margin,  the  shorter  ones  soon  disappearing,  or 
in   some  instances   two  converge  and   unite  to  form  a    V-shaped 
fold,   which  also   soon  disappears.       The   basal    margin  is  smooth 
and  slightly  sulcated,  and  the  Imse   in  this  tooth  appears  to  have 
a  porous  structure  and  to  be  slightly  wider  than  the  crown. 
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Another  tooth — seen  in  impression — shows  that  the  central 
oone  or  prominence  was  moderately  elevated,  and  that  it  had  a 
w^  marked  ridge  running  across  it  from  anterior  to  posterior 
margin,  and  still  another  fragment  of  a  tooth  shows  that  the 
root  was  large  and  of  an  open  porous  structure. 

Form,  and  Loc.  :  Limestone  Shales  (Yoredale),  Crimsworth 
Dean. 

Sub-class  :  Teleostomi. 

Order:  Actinopterygii. 

Sub-order :  Chondrostei. 

Family  :  Palseoniscidse. 

Grenus  :  Ehnichihya  Giebel,  1848. 

E.  Aitkeni  Traquair,  1886. 

Fragmentary  remains  of  this  species  are  recorded  by  the 
late  Mr.  James  Spencer,  of   Halifax^. 

Form,  and  Loc.:  Limestone  Shales  (Yoredale),  Crimsworth 
Dale. 

I  cannot  conclude  without  expressing  my  best  thanks  to 
Dr.  Hind  for  the  privilege  of  describing  the  specimens  in  his 
collection. 

•Proc.  Yorks.   GeoL  and  Poly  tec.  Soc,  Vol.  XIII.,  Pt.  IV.,  1898. 
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NOTES   ON   THE    GEOLOGY   OF  CLITHEROE   AND    PENDLB  HILL 
BY    K.    II.    TIDDEMAN,    M.A.,    F.G.S.,    OF    H.M.    GEOLOGICAL  SCRTET. 

[Prepared  for  the  General  Meeting  and  Field  Excursion  at  Clitherot, 

May  2oth  and  26<A,  1900.) 

The  Geological  Bibliography  of  this  district  is  not  extensive. 
Parts  are  alluded  to  in  Phillips*8  "Geology  of  Yorkshire."    More 
information  is  given  in  the  "Geological  Survey  Memoirs,  BurnWy 
Coalfield,"    1875.     The  Glaciation  of  the  district  was  treated  d 
in   Quart.  Jour.  Geol.  Soc.y  1872,   "On  the  Evidence  for  the  Ice 
Sheet  in  Lancashire,  Yorkshire,  and  Westmorland,"  by  the  writer 
of  these  notes.     The  Geology  is  contained  in  "Geological  SurvcT, 
One-Inch,    Sheet  92,   S.W."   (New   Series,   Sheet   68).     This  may 
be  liad  coloured  for  solid  rocks  only,  or  with  the  overlying  Drift, 
tlie  former  giving  a  much  better  idea  of  the  arrangement  of  the 
rocks    than    the   latter.       A   section   across    Pendle   is    shown  in 
"  Horizontal   Sections,  Sheet  86."      The  Sections  of  the  Carboni- 
ferous Series  from  the  Ribble  at  Clitheroe  to  the  top  of  Pendle 
give,  on  the  whole,  a  very  good  idea  of  the  type  of  rocks  which 
prevails   in    the   area    south    of    the    Craven    Faults,    and    indeed 
spreads  at  least  as  far  as  Derbyshire. 

Clitheroe  abounds  in   limestone  hills,   and  is   much  quarried, 
and  we  get  there  two  groups : — 

(a.)  The  Black  Limestones,  very  well  bedded,  dark,  and 
bituminous,  showing  an  exceedingly  regular  strike  and 
crop ;  and  above  them 
{}).)  The  White  Limestones  of  Salt  Hill,  Worsa,  Gema,  which 
form  rather  protuberances,  swelling  mounds  of  less  distinct 
bedding,  but  crannned  with  well-preserved  fossils.  These 
'*  knolls  '  are  rei'arded  bv  the  writer  as  owin<j  their  form 
to  the  original  growth  of  deposition ;  but  Mr.  J.  E.  Marr, 
F.ll.S.,  attributes  not  their  form  only,  but  the  crystalline 
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nature  of  their  component  rock  and  the  excellent  preserva- 
tion of  the  fossils  to  earth  movements.  ("On  Limestone 
Knolls  in  the  Craven  District  of  Yorkshire  and  elsewhere," 
Quart,  Jour,  Geol,  Soc.,  Vol.  LV.,  p.  327.) 

Salt  Hill  is  hardly  a  typical  reef-knoll,  but  appears 
to  be  a  spit  or  shoal,  almost  entirely  composed  of  the 
debris  of  crinoids.  A  similar  deposit  is  to  be  seen  near 
Cracoe  in  Craven.  With  this  exception,  the  knolls  between 
Clitheroe  and  Downham  are  fairly  good  specimens. 

.)  The  Shales -unth' Limestones  occupy  the  rising  country 
between  the  knolls  and  the  sharper  rise  of  Pendle. 
Fossils,  both  animal  and  vegetable,  occur  in  this  series, 
but  not  so  abundantly.  The  group  has  a  thickness  in 
places  of  2,500  feet,  and  is  composed  of  clayey  and 
sometimes  sandy  shales,  with  impure  clayey  limestone, 
in  many  alternations  of  soft  and  harder  beds.  They  are 
fairly  well  seen  in  Worston  Brook  above  Worston. 

.)  The  PeiuUeside  Limestone  gives  the  first  steep  scarp,  and 
shows  a  thick  series  of  light-coloured,  mostly  brown, 
limestones,  with  many  thin  beds  and  interbedded  shales. 
Chert  beds  abound  in   them. 

.)  Not  far  above  the  Pendleside  Limestone  we  come  upon 
a  second  and  often  a  third  escarpment  composed  of  the 
Pendleside  Grit,  mostly  a  fine  hard  sandstone  with  shale 
partings.  The  rock  is  in  places  exceedingly  compact, 
almost  like  a  gannister,  but  without  the  abundant 
vegetable  forms  so  characteristic  of  the  latter.  Occasion- 
ally, but  very  rarely,  this  rock  is  a  conglomerate  with 
quartz    pebbles.      It    retains   glacial   scratches    well. 

\)  The  next  feature  is  not  a  scarp  but  a  hollow  groove, 
evidencing  soft  rock.  Such  are  the  Jknvland  Shales^ 
which,  underlying  the  bolder  Pendle  Grit,  give  features 
and  distinctive  character  to  most  of  the  principal  ranges 
of  hills  in  Craven  south  of  the  Craven  Faults,  and 
throughout  the  district  of  Bowland.  This  is  very  marked 
in  the  range  of  Pendle,  which  reaches  from  near  Chorley 


1^0     tiddeman:  geology  of  clitheroe  and  pendlb  hill. 

in  Lancashire  to  Skipton  in  Craven,  a  range  which  only 
just  sufficiently  deviates  from  a  straight  line  to  ensure 
beauty  and  variety.  It  forms  the  southern  side  of  a  com- 
pound anticlinal  arch,  of  which  the  northern  side  is  far 
more   broken   and   irregular. 

The   Bowland   Shales  are   about   700   feet  thicL    A 
great  part  of  them  contains  fossils   such    as  Fandonomya 
Gibsoni^   Afytilus,    Avictdopecten^    PinruL,    Goniaiites,  Ortko- 
ceras,   and   occasionally   scales  and    teeth   of    fossil   fishes. 
Remains   of  vegetable   organisms   may   also   be  found. 
(g.)  The   top  of    Pendle  is    formed    of    the    Pendle  Grit,  the 
lowest  of  the  Millstone  Grit  series.     The  Pendle  Grit  was 
formerly  called  the  "Yoredale  Grit,"  so  named  in  Dwby- 
shire    on    the    supposition    that    it    might    eventually  be 
traced   all    the  way  thence  to  Wensleydale  and  the  river 
Yore.     We    know   now   that    the   Yoredale   Series  is  ter- 
minated on  the  South  by  the  Craven  Faults,  and  that  no 
true  Yoredale  Series  exists  South  of  these  strong  physical 
limits.     The  Grits  answering  to  the  Pendle  Grit  were  first 
called    the    "Shale   Grit"    by   Farey,    in    Derbyshire,  and 
a   very   excellent   name   it   was;    for   the  grits  are  always 
giving  place  to  shales,  and  vice  versa.     Still,  their  general 
characters  are  fairly  persistent. 
When   geologists   have    mastered    the    rocks   on   the   way  to 
the   summit,  and    noted    the    section,  they    have    not    completelv 
realised  all   that  can   be  gained    from    the   excursion.      The  view 
from   the   top   is   a   magnificent   display  of   the  Physical    Geol(^ 
of   a  wide  region.     The   long  range  on  which  you  are    standing, 
fading   away  in   the   distance,  carries   the  eye  from   the  western 
sea   to   the    heart   of   Yorkshire.      The   Grit  Fells    to    the   north- 
west   represent   the   other   side   of   the   great   compound    arch,  of 
which   I^ngridge   Fell   to  the  west  is  but  a  detail.     The   Kibble 
and   Hodder   Valleys  show  the  softer   beds   underlying,  which  at 
this  distance  look  like  a  great  plain.     To  the  south-east  two  or 
three   main    ridges    represent    the    Millstone    Grits,  with    a   broad 
furrow    representing  the  Sabden  Shales   in   their  midst.     Beyond 
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kin  is  the  Burnley  Coalfield  and  the  murk  of  busy  Lancashire, 
iMid  still  further,  if  not  thereby  obscured,  the  Pennine  Chain  of 
Sills   running  up   north   from   Derbyshire,   and   meeting    E.N.E. 
'the   range  on   which  you   stand.      At   N.N.E.  the   White   Cliifs 
of   Malham  Cove  are  to  be  seen ;  and  at  N.  1 4**  W.,  if  in  luck, 
you  will  see  Ingleborough,  Whemside,  and  Co.,  the  other  side  of 
Craven.     Then   after   taking   all   this   in,  if  your  minds   are  not 
satiated,  take  a   look   back  in  time,  and   consider  a  little  patch 
of  red  Permian  rock  lying  in  the  valley  below  you  at  Clitheroe, 
resting    on    beds    low    down    in    the    Carboniferous    Limestone 
Series,  and  bear  in  mind  that  a  similar  Permian  patch  rests  on 
the  Coal  Measures  at  the  upper  end  of  the  Carboniferous  Series, 
just  at  the  foot  of  far-off  Whemside.     That  will  set  you  thinking 
on  the  great   movements   of   the   crust,  and   the   immense   waste 
of  rocks  and  transference  of  material  between  the  Carboniferous 
and    Permian   times,   and   you   will    probably    come   to  the   con- 
clusion  that   there   is   something    in    Geological    Time,  and   that 
Ribblesdale,  in   part  at   any  rate,  was   not   made   yesterday. 

Millstone  Grits  and  Coal  Measures,  with  Superficial 

Deposits. 

To  those  interested  in  these  beds  the  following  hints  may 
be  useful : — Take  train  to  Whalley,  where  the  Old  Abbey  is 
itself  worth  seeing.  Keep  along  the  east  bank  of  the  Calder,  or 
along  the  Padiham  Road  above.  A  striking  roche  moutonnee 
is  in  the  gorge,  a  rounded  mass  of  Millstone  Grit  on  which 
the  last  Abbot  of  Whalley  was  hung,  but  that  is  across  the 
stream.  Below  the  road  there  used  to  be  gravel  pits,  showing  good 
sections  in  glacial  gravels  and  sands,  with  a  few  marine  shells. 
Portfield,  a  Roman  camp,  lies  on  some  of  this.  The  Sabden 
Shales,  a  very  thick  series,  lie  beneath  the  road  to  Sabden; 
parts  of  them  in  the  banks  of  Sabden  brook  contain  fossils. 
Nearer  to  the  Coalfield,  by  going  across  country,  you  get  a  good 
view  of  the  Upper  Millstone  Grits,  the  Third  Grits  of  Hull 
and  Green,  with  some  beds  like  gannister,  and  answering  to  the 
Brooksbottom  Series  of  Binney. 
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Lower  down  the  slope  you  come  to  the  First  Grit  or  Roagh 
Koc'k,  a  soft,  coarse,  pebbly  conglomerate,  and  beneath  it  in  places 
a  coal,  and  then  Haslingden  flags,  thinly  bedded,  rippled  flags. 
Other  flags  of  better  quality  lie  above  the  Hough  Rock. 

Then  the  Lower  Coal  Measures  come  on  and  show  in  places 
marine  fossils.  The  Arley  Mine  is  taken  as  the  base  of  the 
Middle  Coal  Measures,  and  is  one  of  the  best  seams  of  the  Coal- 
field, but  the  coals  are  not  within  the  limit  of  a  day*s  excursion, 
and  are  moreover  much  covered  with  Drift. 

Drifts.  Those  who  wish  to  see  drifts  might  study  the  long 
gravel  mound  or  esker  which  runs  from  Waddington  to  Bashall, 
and  takes  up  its  course  again  on  the  far  side  of  the  Hodder, 
three-(iuarters  of  a  mile  north  of  Stoneyhurst. 

Whit^well  (nine  miles)  is  well  worth  a  day's  excursion  from 
Clitheroe,  or  a  week-end  stay.  The  scenery  is  beautiful,  and  the 
Geology  distinctly  good.  The  reef  knolls  may  be  studied,  and 
fossils  knocked  out  in  abundance,  and  there  are  good  sections  of 
the  beds  al)ove  the  limestone.  The  north-west  side  of  the  Hodder 
will  ]m  found  l>est  to  work  at,  but  a  trip  from  White  well  Hotel 
to  the  Trough  of  Bowland,  on  the  mountain  pass  to  I-Ancasier, 
mav  be  stronorly  recommended. 
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NOTBS   ON   THE   VOLCANIC   ROCKS   OP  THE   CHEVIOT   HILLS. 
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The  volcanic  district  of  the  Cheviot  Hills  consists  essentially 

a   central   core  or  plug  of  granite,  occupying  an  area  of  about 

scjuare  miles,  surrounded   by  a  more   extensive   area  of  ande- 

c    lava-flows.     Both  the  granite  and  the  lava-flows  are  traversed 

numerous  sills  and  dykes  of  porphyrite  and  (juartz-felsite.     The 

*•»    are   of   Lower   Old    Red    Sandstone    age,    and    rest    uncon- 

nably  upon   the    Silurian,  and  are   overlain    by   Carboniferous. 

'^ill   describe  briefly  the  principal   varieties  of  igneous   rocks 

'^ith  in  the  district. 
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l.»   The  And^sUe*.     The  lavas,  former! v  termed  porphrrites,  ire 
tliruughoat  of  Andesitic  composition  and  structure.    As 
a    rule    they    are    highly    vesicular    and    a    good  d«al 
weathered.      Fresh    varieties    are,    however,   occssionallj 
met  with,  and  we  may  mention  the  glassy  andesite.  seen 
in  the  nver  Coquet,  ahoat  three  miles  above  Alwintao. 
The    rock    has    been    described    by    Mr.    Teall   in  the 
f^t*J*mjiml   Magazine,      It   is   black,   with    the  lustre  of 
a  pitchstone,  and  traversed  by  narrow  reddish  veins  of 
silica.     It  is  an  enstatite-andesite,  and  contains  numeroas 
small    porphyntic    crystals    of    enstatite    in    addition  to 
augite  and  plagioclase  felspar,  in  a  glassy  groundmas^ 
The  more  common  types  of  andesite  may  be  well  studied  in 
any  of  the  crag  or  bum  sections  in  that  portion  of  the 
district  surrounding  the  inner  granite  mass.      They  are 
augite-and-enstatite-andesites,    varying    in    colour   from 
almost    black    to    purple,    according    to    the    degree   of 
weathering  which  they  have  undergone.     In  texture  they 
appear   sometimes   compact,   with    numerous    porphyritic 
felspars,  and  sometimes  very  vesicular,  the  vesicles  being 
filled   with   silica,  usually  in  the  form   of  agate.     These 
\esicular  or  amygdaloidal  varieties  are  well   seen  in  the 
southern  parts  of  the  Cheviots  in  the  neighbourhood  of 
Alwinton,  and   small  agates,  representing  the  amygdules 
of  (lisinte;,'rated   rocks,  are  common  as    rounded   pebbles 
in    the    bed    of    the    Coquet.     The    lavas   are   also  well 
st*en    in    the    lower    part    of    the    Langlee    valley,   near 
W(>oler,  in   the   Carey  and    College   burns   further  west, 
and  in  many  other  parts  of  the  district. 
^'olcanic  rocks  of  fragniental  origin  do  not  play  any  con- 
siderable    part    among    the    erupted    products     of    the 
Cheviots.      Exposures   of   tuff  are   seen   to   the  west  uf 
Ingram,  which    in    parts    is    a    reddish    volcanic    breccia 
of   striking   ap{>earance.      In    the  churchyard  at  Ingram 
a  slab  of  this  rock  composes  the  headstone  to  the  grave 
of  Mrs.  AUgood,  the  wife  of  the  former  rector. 
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2.)   The  Granite,     The  central  and  more  mountainous  portion 
of  the  district  consists   entirely  of  granite.      It  is  well 
seen  on  the  slopes  of  the  Cheviot  Hill,  Hedgehope  Law, 
Dunmoor   Hill,  in   the    Harthope   burn  above    Langlee- 
ford,   and    in    most    of    the   burn    sections   within    the 
granite  area.     The  rocks  forming  the  more  central  part 
of  the  mass  are  coarse  in    texture,  and   have  a  greyish 
or  sometimes  pinkish  appearance.     Towards  the  margin 
the   rock   usually   becomes   finer-grained,   and   sometimes 
is  of  a  dark   grey  colour  and   resembles  a  fine-grained 
diorite.      The    dioritic   varieties    are   well    seen    in    the 
neighbourhood   of    Linhope,  and   in   the    Linhope  bum, 
a   short    distance    above    the    shepherd *s    house.      Fine- 
grained varieties  also  occasionally  occur,  as  for  instance 
in   the   crags   on  the   N.W.  side  of   Cheviot,  which   are 
more  acid  than  the  normal  coarse  granite. 
The  typical  Cheviot  granite  consists  of  quartz,  orthoclase, 
plagioclase,  biotite,  and   augite.      It  is   one   of  the   few 
British  examples  of  an  augite-granite,  and  shows  affinities 
in  this  respect  to  the  augite-syenites  of  Monzoni,  in  the 
Tyrol.      Another   characteristic    feature   of   the   rock   is 
the   marked    tendency  of   the   quartz   and    orthoclase   to 
be  intergrown   so   as   to   form   micropegmatite,  and  this 
is   so   constant   in    the   finer-grained   varieties   that    they 
may  aptly  be  termed  granophyi-es.     The  dioritic  varieties 
merely   difier   from    the   more   acid    types   in   containing 
a   higher  proportion  of  the  ferroraagnesian   constituents. 
In    some   specimens   of   the   normal    type   enstatite    has 
been  detected,  in  addition  to  augite. 
Although  of  the  same  general  geological  age,  the  granite  is 
later   than   the   Andesites,  and    has    been   intruded   into 
them.    The  surrounding  lavas  have  in  consequence  under- 
gone contact  metaraorphism,  and  a  microscopic  study  of 
the  rocks  has  shown  that  this  extends  to  at  least  half 
a    mile    from    the    granite    margin.      Junction    sections 
between   the  granite   and  the  andesite  may  be  seen  at 
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various  points  along  the  margin,  especially  in  the  ri^-er 
Breamish  above  Linhope,  and  in  the  Ldnhope  barn,  netr 
Liiihope  House.  At  the  Tathey  crags,  near  Th^eestoD^ 
burn  House,  the  Andesite  is  traversed  by  numerous 
veins  of  granite,  and  has  been  considerably  altered  bj 
it.  The  andesite,  thus  altered,  has  a  slightly  more 
lustrous  and  less  compact  appearance  than  the  larss 
further  from  the  granite,  owing  to  the  re-crystallisaiion 
of  the  groundmass  and  the  development  of  aecoDd&ij 
biotite. 

[These  altered  lavas  have  been  described  in  a  paper  bf 
myself  in  the  eighth  volume  of  the  "Transactions  d 
the   Edinburgh   Geological   Society."] 

Small  crystals  of  tourmaline,  usually  only  to  be  detected 
with  the  microscope,  are  often  found  in  the  margiml 
varieties  of  the  granite,  in  some  of  the  more  acid  dykw 
and  veins,  and  in  fault-breccias  in  the  granite  area. 
(3.)  7'he  Dykes  and  Sills,  These  may  be  divided  into  two 
classes : — (a)  the  Porphy rites,  and  (b)  the  Quartz-felsites. 
T  use  the  term  porphy  rite  not  in  its  older  significance 
as  referring  to  altered  (decomposed)  andesite,  but  as 
signifying  an  intrusive  rock  representing  the  dyke-phase 
of  the  andesitic  magma,  and  bearing  the  same  relation 
to  the  andesites  as  the  liparites  and  quartz- felsites  do 
to   the  rhyolites. 

The  dykes  and  sills  of  both  classes  are  found  cutting  both 
the  andesites  and  the  granite.  The  porphy  rites  are  bj 
far  the  more  numerous  of  the  two.  Petrolofficallv  thev 
may  be  described  as  augite-biotite-porphy rites,  containini: 
plagioclase  as  the  dominant  felspar,  while  augite  and 
biotite  in  varyin*;  proportions  constitute  the  ferro- 
niagnesian  elements.  In  the  field  the  rocks  vary  in 
colour  from  purple  to  brick-red,  and  the  porphyritic 
felspars,  and  frequently  also  the  biotite,  are  generally 
conspicuous  in  a  hand  specimen.  They  are  less  affected, 
as  a  rule,  by  weathering  agencies  than  the  lavas,  and  » 
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often  stand  out  in  bold  relief  when  occurring  amongst 
them.  They  are  common  throughout  the  entire  area  of 
the  Cheviots,  and  frequent  examples  may  be  seen  in 
the  river  Breamish,  in  the  Common  bum,  and  in  the 
Carey  bum. 

The  quartz-felsites  are  not  so  common  as  the  porphyrites, 
and  usually  occur  in,  or  in  the  neighbourhood  of,  the 
granite.  Several  examples  of  the  normal  type  may  be 
seen  in  the  river  Breamish,  above  Linhope;  while  a 
beautiful  examplo  of  a  biotite-quartz-felsite,  showing 
relationships  to  some  of  the  porphyrites,  may  be  seen 
in  the  river  Coquet,  a  quarter  of  a  mile  above  Shill- 
moor,  and  again  in  the  Ridlees  bum,  east  of  Quickening 
Coat.  (For  description  see  Teall,  GeoL  Mag,^  1885, 
p.   107,  and   "British  Petrography,"  p.   343.) 

Besides  quartz-felsites  we  also  find  granophyres  and  micro- 
granites  cutting  the  granite,  and  these  rocks  shade  into 
one  another  through  intermediate  varieties.  In  fact,  by 
collecting  a  large  number  of  specimens  from  the  dykes 
of  this  area,  it  is  possible  to  show  intermediate  varieties 
between  the  quartz-felsites  and  the  porphyrites,  so  that 
it  is  extremely  probable  that  the  rocks  have  a  common 
origin. 

To  glance  briefly  at  the  sequence  of  events  which  have 
marked  the  volcanic  history  of  the  Cheviots.  The  first 
period  of  volcanic  activity  was  evidently  marked  by  the 
eruption  of  immense  quantities  of  andesitic  lava.  This, 
which  we  may  call  the  extrusive  phase,  was  followed,  as 
is  proved  by  the  phenomena  of  the  granite  and  the  dykes, 
by  the  intrusion  of  material  partly  of  intermediate  and 
partly  of  acid  composition.  This  intrusive  phase  com- 
menced with  the  intrusion  of  the  augite-granite  into  the 
contemporaneous  lavas.  The  intrusion  of  the  dykes  and 
sills  followed  the  consolidation  of  the  granite,  and  con- 
stituted the  latest  phase  of  the  volcanic  activity  of  the 
district    of    which    we    have    any   record.       Petrological 
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evidence,  moreover,  has  shown  that  the  andesites,  the 
granites,  and  the  dykes  have  genetic  relationships  to 
one  another,  and  we  may  conclude  therefore  that  in 
the  Cheviot  district  we  are  dealing  with  three  successive 
phases,  belonging  to  the  same  geological  period,  of  cw 
original  magma — (1)  an  extrusive  phase,  characteiiKd 
by  outpourings  of  andesitic  lavas ;  (2)  a  plutonic  phase, 
cliaracterised  by  the  intrusion  of  the  granite;  and 
(3)    the   fissure  or  dyke  phase. 

It  is  possible  that  the'  central  granite  mass  occupies  the 
site  of  the  main  focus  of  the  volcanic  activity  of  this 
district,  and  that  it  has  thus  been  intruded  into  the 
lower  portion  of  the  old  vent  or  group  of  vents  from 
which   the  surrounding  andesitic  lavas  were  discharged. 

The  volcanic  cone  of  Lower  Old  Red  Sandstone  tinw, 
which  reared  itself  where  Cheviot  and  Hedgehope  Li» 
now  stand,  has  long  since  passed  away.  Bat  the 
ceaseless  action  of  denuding  forces  has  laid  bare  for  w 
the  very  heart  and  core,  so  to  speak,  of  this  andeit 
volcanic  pile,  with  its  surrounding  accompanimeot  ci 
dissected   lava-flows   and   dykes. 
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the  flora  of  the  carboniferous   period. 

by   robert  kidston,  f.r.s.e.,  f.o.8. 

First  Paper. 

I  have  pleasure  in  complying  with  the  request  of  your 
ouncil  to  read  before  your  Society  a  short  account  of  the 
Lora  of  the  Carboniferous  Formation,  and  in  so  doing  shall, 
t  far  as  possible,  avoid  technical  language,  as  I  address  myself 
lore  specially  to  those  who,  though  they  have  not  previously 
Lven  serious  study  to  the  subject,  may  have  a  wish  to  know 
lore  about  the  Fossil  Plants  which  formed  such  a  prominent 
aature  in  Carboniferous  times,  and  who,  one  would  fain  hope, 
nay  be  induced  to  give  some  attention  to  a  branch  of  botany 
»ban  which  there  is  none  that  would  more  repay  careful 
>b8ervation. 

There  has  long  been  undoubted  evidence  of  the  occurrence 
rf  Algae  and  Fungi  in  Carboniferous  times  in  Britain,  and 
Bcently  I  have  met  with  a  fossil  in  rocks  of  Calciferous  Sand- 
tone  age  so  similar  in  appearance  to  FegateUa,  that  the  Liverworts 
ost  now  be  added  to  our  Carboniferous  plants.  I  shall  not, 
►^vever,  enter  into  a  detailed  description  of  these  fossils,  which 
*  of  rare  occurrence,  but  pass  to  those  groups  which  occupy 
•i^ore  prominent  place  and  of  which  there  is  more  certain 
^^^' ledge.  A  fossil  which  has  been  referred  to  the  mosses  was 
^**ibed  from  the  French  Coal  Measures  by  MM.  Renault  and 
^l^r,  but  hitherto  no  representative  of  this  class  has  been  met 
^      in  Britain. 

Hn  the  present  paper  we  shall  therefore  reserve  our  remarks 
le  Ferns,  Equisetites,  and  Caiamites,  leaving  the  Lycopods, 
■'^lophylls,  CordaitecBy  and  Coniferce  for  a  future  time. 

^Before  proceeding  further,  it  is  necessary  to  point  out  that 
^  fossil  plant  genera  are  quite' provisional,  for  palaeobotanists 
^    seldom  the  data  for   the  definition  of  a  genus  in  the  clear 
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and    full    manner    which    one   demands    in   the    case   of  genen 

founded   on   existing  species.     Notwithstanding  the  diflScalties  of 

the  subject,  by  careful  collecting  and  study  much  has  been  done 

in    elucidating   the   structure   and    form    of   Carboniferous  plants, 

and  in  some  rare   cases   our   knowledge  is  little  less  perfect  tfaao 

if  we  had  been   able    to   study   the   growing  plant.     Such  results 

liave   only   been   attained    by    much    study    and    careful  obsem- 

tion,    and    are    generally    the    result   of    the    united    labonrs  d 

several  workers — one  laying  the  foundation   and  another  buikiii^ 

thereon.     Thus    the   science  of   palaeozoic   botany   has   grown  isd, 

I  doubt  not,  will  grow. 

I. — Ferns. 

If  we  only  consider  the  mere  form  of  the  frond  and  the 
arrangemient  of  the  veins,  many  fossil  ferns  have  a  consideriWe 
.su})erlieial  resemblance  to  certain  recent  species ;  still  this  resem- 
blance must  not  be  regarded  as  affording  any  evidence  on  whidi 
to  presume  a  generic  relationship.  The  fact,  however,  remiins 
that  the  same  type  of  pinnule  form  and  nervation  which  is 
found  amongst  Carboniferous  ferns  is  seen  amongst  those  exist- 
ing at  present,  and  also  the  same  mode  of  circinate  vernation 
(Plate  XX VI.,  fig.   I). 

In  Carboniferous  ferns  the  main  rachis  sometimes  divided 
into  two  arms,  as  in  Calt/mmatotheca  bifida  L.  «k  H.  sp.  (Plate 
XXV.,  figs.  2,  3),  and  this  dichotomous  division  even  more 
fre<juently  occurs  in  the  pinnse,  which  are  once  forked,  or  end 
in  a  pair  of  forks. 

This  character  is  rare  in  recent  ferns  in  their  native 
condition,  but  frequent  in  cultivated  forms,  resulting  in  the 
dichotomous  or  crested  varieties  of  garden    origin. 

Among    Carboniferous    ferns   the    principal    families  are  the 
Spheiiojderidea\   Xcuropteridecp,   and  PecopteHdem,     These   will  be 
briefly  described. 
Sphenopteride.e. 

Considerable  latitude  of  character  is  shown  by  the  ferns 
included  in  this  family.  The  pinnules  may  be  more  or  less 
oval,  entire   or   lobed,  and   contracted    at   the    base   into  a  short 
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vlttlk,  or  cuneate,  and  even  almost  filiforin.  Nervation  radiating 
3boin  the  base  of  the  pinnule  and  frequently  dichotomising. 
^SFhe  chief  genus  is  Sphenopteris  Brongt. 

Sphenopteris  Brongt.  The  general  characters  of  one  of  the 
^iections  of  the  ferns  commonly  included  in  Sphenopteris  is  well 
arepresented  by  Sphenopteris  ohttusUoha  Brongt.  (Plate  XXV., 
:dlg.  1).  The  pinnules  are  oval  entire,  lobed,  or  divided  into 
3-5  segments — their  form  varying  according  to  their  position  on 
pinna.  The  dichotomising  veins  radiate  fan-like  from  the 
of  the  pinnules  (Plate  XXV.,  fig.   la). 

Another  section  of  Sphenopteris  has  pinnules  with  more  or 
cuneate  segments,  of  which  Sphenopteris  furccUa  Brongt.  may 
Tie  taken  as  a  typical  representative  (Plate  XXVIL,  fig.  2). 
TThe  segments  of  the  pinnule  are  narrow,  linear,  with  a  veinlet 
running  into  each  tooth  (Plate  XXVII.,  fig.  2a).  In  both  of 
these  sections  there  are  some  species  with  very  small  pinnules. 

Although  one  must  be  very  careful  in  generalising,  still  it 
seems  as  if  the  linear  or  cuneate  pinnuled  forms  were  more 
characteristic  of  Lower  Carboniferous  rocks,  while  those  with 
rounded  lobed  pinnules  were  more  typical  of  the  Upper  Car- 
boniferous. Both  types,  however,  occur  together  in  all  the 
divisions  of  the  Carboniferous  Formation. 

Many  species  originally  included  in  Sphenopteris  have  had 
special  genera  provided  for  their  reception.  In  some  cases  the 
characters  are  derived  from  the  mode  of  division  of  the  pinnse 
— characters  dependent  on  the  vegetative  system.  It  appears 
to  me  very  doubtful  if  any  real  advantage  is  derived  from  the 
creation  of  such  genera,  as  they  cannot  be  regarded  as  other 
than  provisional,  and  personally  I  prefer  retaining  the  ferns 
placed  in  these  genera  in  Sphenopteris.  As  examples  of  the 
genera  to  which  I  refer,  Palmatopteris  Potonie  (of  which 
Sphenopteris  furcata  is  the  type),  and  Diplothmema  Stur  may 
be  mentioned. 

The  other  class  of  genera  which  have  been  taken  from 
Sphenopteris  Brongt.  hold,  however,  a  very  different  position,  as 
they   are   founded   on   characters   which   are    derived    from    their 
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fructification,  but  before  referring  to  these  more  fallj  it  ii 
necessary  very  shortly  to  consider  the  fmctification  of  exiiti^ 
ferns. 

Recent  ferns  are  divided  into  two  great  classes— the  /» 
sporous  Ferns f  or  those  with  one  kind  of  spore,  and  tfae 
Heterosporous  FemSy  or  those  with  two  kinds  of  ^ww- 
macrospores  and  microspores.  With  the  latter  class,  bovefo; 
we  have  nothing  to  do  at  present. 

Returning  to  the  Isosporous  Ferns,  these  again  fora  tw 
great  sections.  First,  those  whose  sporangia  are  provided  «i4 
a  prominent  ring  of  cells,  called  an  Anntdtis  (Plate  XXVIIl, 
fig.  2),  and  those  whose  sporangia  are  destitute  of  this  stnictBR 

The  first  section  contains  the  great  majority  of  recent  fen^ 
of  which  the  common  Polypody  and  Male  fern  may  be  b» 
tioned  as  well-known  representatives.  The  second  group  coo- 
tains  the  Marattiacece,  which  comprises  few  genera  and  a  sDifl 
number  of  species,  all  of  which  are  natives  of  more  or  1«» 
tropical  areas. 

In  Carboniferous  times  both  these  groups  are  repreMD^d, 
though  the  exannulate  ferns  seem  to  have  outnumbered  tlifl« 
with  annulate  sporangia. 

Ijet  us  now  return  to  Sphenopteris,  Many  of  the  speofl 
originally  included  in  that  genus  have  in  recent  years  b* 
found  showing  their  fructification,  and  for  these  new  ge«i» 
have  been  created.  Among  British  Sphenopteroid  forma  a  &* 
are  known  to  possess  annulate  sporangia,  and  of  aadi  ^ 
Corynejiteris  Baily  and  Oligocarpia  Gbpperf.  In  the  former  tki 
sporangia  are  placed  in  groups  of  five  or  six,  united  at  the  i»* 
around  a  common  centre,  and  collectively  form  a  globular  b** 
or  soms ;  in  the  latter  they  form  little  circular  heaps  compo*" 
of  a  number  of  independent  sporangia.  Isolated  annab* 
sporani^ia  are  frequent  in  the  Yorkshire  and  Lancashire  **w* 
Balls,"  and  also  occur  in  the  material  from  Pettycur,  Fife,  *w* 
is  situated  in  the  lowest  division  of  the  Carboniferous  Forxnao* 
(Calciferous  Sandstone  Series). 
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The  exannulate  form  of  fructification  is  illustrated  by  several 

EHra,  which  are  characterised  by  the  form  and  arrangement  of 

sporangia.     Among  these  may  be  mentioned  BenauUia  Zeiller, 

nre  the  small  oval  sporangia  are  situated  on  the  veins  towards 

margin  of  the  pinnules  (Plate  XXVIII.,  fig.  4).  They  open 
m  longitudinal  cleft.  The  fruiting  pinnules  are  little  modified 
a  those  of  the  barren   frond. 

In    UmcUopteris   Kidston   the   barren    (Plate   XXIX.,  fig.  1) 

fertile  (Plate  XXIX.,  ngs.  2  and  3)  fronds  are  dissimilar, 
t»   is,  only   some  of   the   fronds  bear  sporangia,  and   on   these 

pinnules  are  entirely  deprived  of  the  limb — the  sporangia 
ig  arranged  in  two  rows,  one  on  each  side  of  the  rachis. 
>  sporangia  are  pointed-oval,  and  open  at  the  summit  by  a 
•U  round  pore  (Plate  XXIX.,  fig.  6).  Each  sporangium  is 
^  but  in  their  structure  they  have  considerable  resemblance 
the  sporangia  of    Da/ncea  only   in   that   genus    the   sporangia 

united  to  each  other  to  form  a  ayncmgium.  Though  I  only 
i.tion   these   two    Sphenopteroid    exannulate    types,   others  are 

uropteride^b. 

The  most  important  genus  of  this  family  is  Neuropteris 
»iigt.  (Plate  XXVIII.,  fig.  3.  Neuropteria  gigantea  Stemb.). 
^  pinnules  are  generally  more  or  less  oval  or  tongue-shaped, 
articulated  to  the  rachis,  from  which  they  are  easily 
skched.  Each  pinnule  had  a  central  vein,  from  which  are 
^n  off  lateral  divided  veinlets  (Plate  XXIX.,  fig.  4).  On 
i«  species  of  Neuropteris,  possibly  on  the  majority,  between 
points  of  insertion  of  the  lateral  pinnae  or  towards  the  base  of 

frond,  immediately  below  the  pinnae,  the  main  rachis  bore 
iform  or  orbicular  pinnules  (Plate  XXVIII.,  fig.  3,  a,  a), 
retimes  of  large  size;  these,  before  their  true  origin  was  known, 
*«  supposed  to  belong  to  a  distinct  plant,  and  were  named 
iiapteris  by  Brongniart.  The  fructification  of  Neuropteris  is 
^rfectly  known,  but  in  the  case  of  Newropteria  heterophyUa 
^ngt.  it  was  borne  on  long  pedicels  which  terminate  the  pinnie. 
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LinopUria  Presl.  (Dictj/opteris  Gutbier  not  Lamooroux)  tbow^i 
rare  in  Britain,  must  not  be  omitted.  In  the  form  of  the  frood 
and  pinnules  it  is  similar  to  Xe^iropterisy  and  specimens  ool 
showing  the  nervation  might  easily  be  overlooked  as  belonging 
to  that  genus,  but  it  is  at  once  distinguished  by  the  nenration, 
the  veinlets  of  which  unite  among  themselves  to  form  a  net-like  red- 
cubition  (Plate  XXX.,  lig.  2.  Linopteris  obliq^ui  Bunbury  sp.  x3i). 

Though    this   genus   is   certainly   not    common    in   Britain,  it 
may  be  more  common    than   supposed    through  being  passed  0T«r 
for  Xcuropfcris. 
Pecoptkride.e. 

This  family  holds  an  important  place  among  palaeozoic  ftfia 
Pecopteris  Brongt.  is  the  chief  genus  and  contains  many  large 
and  fine  species.  It  is  chiefly  represented  in  the  Upper  Coil 
Measures,  and  Pecopteris  arhorescens  may  be  regarded  as  the 
tyi>e  (Plate  XXVII.,  fig.  3). 

The  pinnules  in  Pecopteris  are  attached  to  the  rachis  by 
the  whole  of  their  base.  They  have  straight  sides  and  rounded 
apices.  The  pinnules  are  sometimes  united  among  themsd^ 
at  the  base  and  possess  a  strong  central  mid-rib,  from  which— 
according  to  the  species — are  given  oflf  simple  or  dichotomously 
divided  veins  which  extend  to  the  margin. 

The  fructification  of  manv  of  these  ferns  consists  of  four 
or  five  exannulate  sporangia  arranged  in  a  stellate  group,  from 
which  circumstance  the  genus  Ast^rotheca  has  been  proposed  for 
them,  though  not  generally  adopted  (Plate  XXVII..  fig.  4). 

In  the  Middle  Coal  Measures,  Pecopteris  (Asterotheca)  is 
represented  by  few  species,  but  Pecopteris  (Asterotheca)  J/i/^w* 
is  fairly  plentiful.  Tliough  this  species  also  occurs  in  the  Up{*r 
(Ami  Measures,  it  is  there  associated  with  man}'  other  Pea^'^ridt 
which  are  not  found  below  that  horizon. 

The  fronds  of  Pecopteris  were  of  very  large  size  and  most 
j)robably  some  of  the  tree  fern  stems  were  the  trunks  of  Pecoptfru. 

The  Pec.  phonosn  Artis  sp.  [  =  Pec,  detitata  Brongt.  Plate 
XXVIL,  fig.  1,  Plate  XXXI.,  figs.  1-4),  so  common  in  the 
Middle  and   Upper   Coal    Measures,  forms   the  type  of  the  genia 
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.JItmeiylotheca  Zeiller.  This  is  characterised  by  the  ovoid-pointed 
pHjporBDgia,  which  are  placed  singly  on  the  veins  and  open  by 
ikl^  longitudinal  cleft  (Plate  XXXI.,  fig.  3).  The  barren  pinnules 
^SNUJ  greatly  in  form,  being  entire,  lobed,  or  crenate,  according 
^1^  the  position  they  hold  on  the  frond.  On  the  main  rachis, 
the  point  of  insertion  of  the  pinnse,  are  curious,  much-divided 
itgiowths,  called  aphlebia  (Plate  XXXI.,  fig.  2).  These  were 
-^prigiiially  supposed  to  be  a  climbing  fern  (Schizopteris  adnascens 
dc  H.)  which  had  used  the  frond  of  Dactylotheca  as  a  sup- 
These  aphlebia  are  an  integral  part  of  the  frond  on  which 
jiiiej  occur,  and  are  found  on  other  species  of  ferns  belonging  to 
iriuious  genera. 

Another  Pecopterid  genus,  Mariopteria  Zeiller,  is  extremely 
r4Doinmon  in  the  Lower  and  Middle  Coal  Measures,  but  very  rare 
Ja  the  Upper  Coal  Measures.  The  fructification  is  unknown, 
bot  the  fern  is  distinguished  by  a  double  bifurcation  of  the 
lachis  of  the  primary  pinnse.  The  leathery  texture  of  the  pin- 
nulefl,  difficult  to  describe  but  easily  learnt  from  an  examination 
of  specimens,  as  well  as  the  nervation,  appears  to  me  to  add 
a  character  to  the  genus,  which  I  would  be  inclined  to  restrict 
for  Mariapteris  (Pecopteris)  muricata  Schl.  sp.  (Plate  XXXII., 
figs.  1  and  la)  and  one  or  two  close  allies,  but  from  which 
I  would  exclude  such  species  as  Sphenopteris  latijolia  Brongt. 

The  double  bifurcation  of  the  primary  pinnse,  which  occurs 
in  this  species,  does  not  alone  seem  to  me  to  be  of  much 
systematic  importance. 

ALETHOPTERIDEiE. 

The  Alethopteridece  are  closely  related  to  the  Pecopteridece, 
but  the  pinnules  are  generally  obliquely  placed  on  the  rachis, 
the  prominent  mid-rib  joins  the  rachis  near  the  upper  margin 
of  the  pinnule,  and  thus  gives  a  somewhat  decurrent  character 
to  the  mode  of  their  insertion  on  the  rachis.  The  lateral 
dichotomously  divided  veins  are  very  numerous  and  run  to  the 
margin  at  almost  right  angles  with  the  mid-rib.  The  common 
Alethopteris  lonchitica  Schl.  sp.  well  illustrates  these  characters 
(Plate   XXXII.,  figs.  2  and  3). 
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The  fructification  of  AUthopieris  is  imperfectly  known,  b«t 
what  is  supposed  to  be  a  fruiting  specimen  of  Alethopteru  Ser^ 
Brongt.  has  been  described  by  Zeiller.  This  most  intereitiiig 
example  appears  to  show  that  the  sporangia  were  globolar  tod 
arranged  in  rows  along  the  veins.  The  fronds  of  AUthopUnt 
attaine<l  to  large  size. 

The  genus  Lonchopteris  Brongt.  (Plate  XXVI.,  fig.  2)  hokb 
the  same  relationship  to  Alethopieris  that  Linopteris  does  to 
Xeuropteris,  ha\'ing  the  same  form  of  growth  and  pinnule  cntdng 
as  Alethopterisy  but  is  easily  distinguished  at  first  sight  by  the  net- 
like  reticulation  of  the  veins  (Plate  XXVI.,  figs.   2a  +  3). 

ODONTOPTERIDE.E. 

The  only  genus  of  this  family  to  which  reference  requires  to 
be  made  is  Odontopteris  Brongt.,  which,  however,  is  very  rare  in 
British  Carboniferous  rocks,  and  appears  to  be  restricted  to  the 
Middle  and  Upper  Coal  Measures  (Plate  XXVIII.,  figs.  1  and  1ft— 
Odontopteris  alpina  Presl.  sp.). 

The  pinnules  are  more  or  less  tongue-shaped  and  attached  to 
the  rachis  by  their  bro€id  base.  They  have  no  true  mid-rib— sevenl 
veins  passing  into  the  pinnules  direct  from  the  rachis,  where  thej 
bifurcate  once  or  twice. 

TuEE  Fern  Stems. 

Some  of  tlie  palaeozoic  ferns  had  stems  like  our  modem  Tree 
Ferns  and  must  liave  attained  to  a  considerable  height  In 
Britain  the  two  following  genera  of  fern  trunks  occur: — 

Caufopteris  L.  iV:  H.  (Plate  XXXIII.,  fig.  1 — CaulopUrii 
awjlica  Kids  ton).  The  frond  scars  are  arranged  in  vertical  rows 
placed  close  to  each  other.  They  are  oval  and  contain,  a  short 
distance  within  the  margin,  a  closed  oval  or  horse-shoe-shaped 
band,  which  corresponds  to  a  tract  of  sclerenchymatous  or  much 
indurated  tissue.  Within  this  band  and  near  its  upper  end  is 
placed  the  vascular  bundle  scar.  The  outer  surface  of  the  stem 
is  usually  densely  clothed  with  aerial  rootlets. 

Meyaphytoii  Artis.  (Plate  XXXIII.,  fig.  2 — Megaphyton  sp. 
allied  to  M.  anomalum  Grand'  Eury.).      The  fronds  are  attached 
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to  these  stems  in  two  opposite  rows,  the  frond  on  one  side  of  the 
alternating  with  that  on  the  other  side. 

The  stem,  except  at  the  part  to  which  the  fronds  are  attached, 

densely  covered  with  aerial  rootlets. 

CatUopleris  in  its  general  aspect  would  much  resemble  one  of 
the  recent  Tree  Ferns,  but  Megctphytouj  with  its  two  opposite 
rpws  of  fronds  would  have  a  very  different  aspect  from  any  of 
tbe  Tree  Ferns  at  present  existing. 

Before  passing  from  this  brief  consideration  of  the  more  im- 
portant groups  of  palaeozoic  ferns,  a  few  remaiks  must  be  made  on 
tbeir  internal  organisation,  though  this  subject  can  only  be 
touched  on  very  slightly  here. 

The  stems  or  rhizomes  of  recent  ferns  have  no  exogenous 
growth,  that  is,  when  the  vascular  bundle  is  once  fully  formed 
no  new  elements  are  subsequently  added  to  it.  Hence  Tree 
Fern  stems  when  once  fully  developed  retain  the  same  diameter 
of  trunk  for  years. 

Among  fossil  ferns  whose  structure  is  known,  a  few, 
generally  of  small  size,  possess  the  same  structural  peculiarities, 
bat  there  is  another  type  of  palaeozoic  fern  structure  where, 
among  other  characters,  an  exogenous  increase  to  the  vascular 
system  takes  place.  In  these,  after  the  formation  of  the  primary 
yascular  bundles,  whose  size  is  limited  as  in  the  first  type,  a 
cambium  layer  appears  from  which  an  outer  circle  of  exogenously 
developed  vascular  tissue  arises.  This  ring  of  secondary  xylem 
or  wood  may  increase  indefinitely  in  size  by  additions  from  the 
cambium  zone,  the  ultimate  size  of  the  stem  being  limited  only 
by  the  life  of  the  plant. 

These  Fern  Stems  with  exogenous  growth  present  certain 
anatomical  characters  intermediate  between  ferns  and  Cycads, 
and  are  now  placed  in  a  group  to  which  Potonie  has  given 
the  name  of  Cycadofilicea.  There  is  reason  to  believe,  though 
little  is  known  of  their  fructification,  that  they  may  be 
ferns,  though  in  their  anatomy  they  possess  certain  characters 
not  found  in  existing  members  of  this  group.  This  discovery 
is   one  of  the  most  interesting  and  important  advances  recently 


198         KID8T0N:    THE    FLORA   OF   THK   CARBONIFEROUS   PERIOa 

made  in  the  study  of  palteozoic  botany,  and  to  the  Cycadofitim 
are  known  to  belong  certain  Sphetiopterisj  AUthopUrigy  and 
JVeiiropteris. 

As  an  example  of  how  step  by  step  our  knowledge  d 
pah«ozoic  botany  is  built  up,  it  may  be  mentioned  that  the 
petioles  described  by  Williamson  as  Rtichiopteris  aspera  vere 
subseciuently  found  to  belong  to  the  stem  named  Ly^nodenirm 
Olilham'ium  by  the  same  author,  and  further  it  has  been  dis- 
covered that  Lyginodendron  Oldhamium  is  the  stem  of  the 
well-known  Sphenopteris  Hoeninghaiksi  Brongt.  (Plate  XXIX, 
fig.  5).  Could  any  better  example  be  found  of  the  result— or 
reward — of  patient,  plodding  work,  or  of  the  provisional  n&tQFe 
of  genera  founded  on  the  vegetative  organs? 

CALAMARIEiE. 

EguiSETiTEs  Sternberg. 

A  few  fossils  have  been  found  in  Carboniferous  rocks  which 
from  their  great  external  resemblance  to  the  recent  Equisetum 
or  Horsetails,  liave  l)een  placed  in  a  genus  called  Equuetites  by 
8ternlM»rg.  These  fossils  are  extremely  rare,  and  as  far  as  at 
present  known  do  not  go  further  back  than  the  Coal  Measures. 
One  of  the  most  interesting  examples  of  the  genus  is  the 
Efjuisf'tiff's  Iftnniiigivnyi^  (Plate  XXXIV.,  fig.  3),  which  was  dis- 
covered by  Mr.   Heminj'wav,  Bamslev. 

The  cones  are  oval,  about  one  inch  long  and  rather  over 
half  an  inch  broad.  The  outer  surface  of  the  cone  is  covered 
with  hexagonal  scalt\s  about  one-fifth  inch  in  diameter,  with  a 
small  central  point,  indicating  probably  the  place  of  attachment 
of  the  little  pedicel  by  which  the  peltate  shield  was  united  i»> 
the  axis  of  the  cone.  Nothing  is  known  of  the  inner  structure 
and  arrangement  of  the  sporangia,  but  the  external  appearance 
of  Equisetites  Ilemirujwayi  is  so  like  that  of  the  cones  of  recent 
EqniHetum  (of  which  a  figure  is  given  for  comparison,  Plate 
XXXIV.,  fig.  4,  Equ'csetutn  hyemcde),  that  the  affinities  of 
Equisetites  Ilemingwayi  Kidston  with  Eqnisetum  is  probably 
very  close. 
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A  specimen  in  the  British  Museum  shows  that  the  cones 
of  Equisetitea  Uemingtvayi  were  apparently  sessile  and  borne  at 
the  nodes  of  a  very  Equisetum-like  stem. 

MM.  Renault  and  Zeiller  have  described  from  the  Comentry 
Coal  Field  an  Equisetaceous  stem,  with  distinct  sheaths,  under 
the  name  of  E.  Afonyi,  Some  other  small  specimens  from 
the  Carboniferous  have  been  ascribed  to  Equisetites,  but  their 
leference  is  in  many  cases  doubtful. 
Calamites  Suckow. 

The  CcUamites  form  one  of  the  most  prominent  types  of 
vegetation  in  Coal  Measure  times.  True  Calamites  do  occur  in 
liower  Carboniferous  rocks,  that  is,  below  the  Millstone  Grit, 
but  there  they  take  a  very  unimportant  place  and  are  of  very 
rare  occurrence.  It  is  only  when  we  reach  the  Upper  Carbon- 
iferous that  they  attain  their  importance,  both  in  numbers  and 
diversity  of  form.     Calamites  reached  to  arborescent  dimensions. 

When  dealing  with  the  Calamites,  we  are  under  the  necessity 
of  placing  the  stems,  foliage,  and  fructification  of  the  plants 
comprised  in  this  group  in  separate  genera,  as  in  few  cases 
can  the  foliage  and  fruit  be  referred  to  the  parent  plant.  In 
fact,  even  in  the  genus  Calamites  in  which  the  stems  are  placed, 
there  are  almost  certainly  included  plants  which  belong  to 
different  genera.  One  is  led  to  infer  this  from  the  structure 
of  Calamitic  cones  which  show  among  themselves  important 
structural  differences.  This  fact  must  not  be  lost  sight  of,  and 
the  genus  Calamites  should  be  regarded  more  in  the  light  of 
a  group  than  of  a  true  genus,  but  for  practical  purposes 
some  system  of  classification,  even  if  provisional,  must  be 
adopted. 

The  late  Professor  Weiss  divided  Calamites  into  three 
groups : — 

I. — Calamitina.  In  Calamitina  the  branches  are  borne  in 
verticils,  but  between  each  verticil  there  is  one  or  more  nodes 
from  which  no  branches  are  developed. 

II. — Eucalamites.  The  stems  placed  in  this  group  bear 
branches  from  every  node. 
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III. — Stylocalamites.     Here  the  stems  are  either  unbranehed 
or,  if  lateral  branches  occur,  they  are  developed  very  irr^nlarij. 

In  all  these  divisions  the  ribs  on  the  pUK-cast  alternate  as 
the  nodes. 

There  is  a  fourth  division  which,  however,  only  occurs  in  the 
fjower  Carboniferous : — 

IV.- -AsTEROCALAMiTES  Schimper.  In  these  plants  the  nbs 
do  not  alternate  at  the  nodes,  and  the  branch  scars  iiv 
irregularly  produced. 

Before  considering  these  groups  more  fully  it  is  desirable 
to   make   a   few    general    remarks   on    the    Calamites  as  a  irhs^ 

The  majority  of  the  fossils  referred  to  Calamites  have  ribbed 
<\Kteriors,  such  as  the  figures  of  Calamites  (Stylocalamites)  Suekomi 
«;iven  by  Brongniart  and  others  (Plate  XXXV.,  fig.  3).  These 
do  not  represent  the  exterior  of  the  plant  as  originally  supposed, 
but  are  merely  the  casts  of  the  pith  cavity.  This  is  well  seen  in 
the  figure  of  Calamites  (Calamiiina)  approaeinuUus  Brongt  given 
on  Plate  XXXV.,  fig.  2,  where  the  cast  of  the  pith  cavitj  is 
s(^en  at  a,  and  the  vascular  portion  of  the  stem  at  b,  Plate 
XXXIV.,  fig.  2,  also  shows  the  same  characters.  The  tmc 
outer  surface  of  the  stem  of  Calamites  is  rarely  preserved,  and 
though  very  young  stems  may  show  faint  ribs  the  older  stems 
liave  almost  invariably  smooth  barks,  though  on  rare  occasions 
a  ribbing  of  the  outer  surface  seems  to  occur  as  in  some 
examples  of  Calamites  (Calamititia)  verticillntus  L.  <jb  H.  (Plate 
XXXVI.,  fig.  4). 

The  stems  of  Calamites  (except  possibly  in  the  very  yonng 
condition)  were  liollow  except  at  the  nodes,  where  a  more  or 
less  complete  diaphragm  of  cellular  tissue  extended  across  the 
cavity.  The  pith  cavity  was  surrounded  by  a  zone  of  vascular 
\v cadges,  in  the  inner  angle  of  which  is  a  carinal  canal.  This 
woody  zone  increased  indefinitely  in  size  by  additions  from  a 
cambium  ring.  The  vascular  wedges  are  separated  by  broad 
medullary  rays,  and  the  whole  is  enclosed  in  a  thick  cortex. 
Modifications  of  this  structure  occur  in  different  members  of  the 
group,  but  all  conform  in  their  outstanding  features  to  this  type 
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if  8tem.      The  aerial   stems  of  Calamitea   spring  from   creeping 
Aaaamies  as  seen  in  the  figure  of  CcUamites  Suckowii,  given  on 

mZ  Plate   XXX.,  fig.  1,  as   well   as    from    the    subterranean    portion 

^  ^  the  aerial  stems  (Plate  XXXV.,  fig.  3). 

Let  us  now  return  to  the  consideration  of  the   three  groups 

ant 

of  stems,  to  which  reference  has  just  been  made : — 

I. — Calamitina. 

Ccdamites  varians  Stemb.  may   be   taken  as   typical  of   this 
fptonp  (Plate  XXXIY.,  fig.  1.     Calamitina  varians  var.  incimatans 


The  intemodes  vary  in  length,  and  the  nodes  bear  olosely- 
jplaoed  transversely  oval  leaf  scars.  The  bark  is  smooth  but 
frequently  shows  slight  longitudinal  clefts  or  cracks,  which  vary 
in  their  length  and  distance  apart.  These  longitudinal  cracks 
or  lines  probably  arise  through  the  splitting  of  the  bark  from 
the  increase  of  the  stem  in  girth.  Between  each  branch-bearing 
node  several  branchless  nodes  intervene,  their  number  varying, 
not  only  in  the  same  species,  but  even  on  the  same  specimen. 
The  foliage  of  some  Calamitinas  consisted  of  acicular  leaves,  but 
whether  all  possessed  such  foliage  is  not  known  (Plate  XXXVI., 

fig.  1). 

XL  — EUCALAM ITES. 

Calamites  ramosus  Artis.  is  representative  of  this  section 
(Plate  XXXVII.,  figs.  3  and  4).  Each  node  gives  rise  to  two 
branches,  one  on  each  side  of  the  stem.  The  branches  are  super- 
posed, and,  though  these  again  bear  lateral  branches,  the  plant 
would  possess  the  form  of  a  triangle.  The  surface  of  the 
stem  is  smooth.  Plate  XXXVII.,  fig.  4,  shows  the  cast  of  the 
pith  cavity ;  fig.  3  shows  the  outer  surface  of  the  species  with 
smooth  bark. 

The  foliage  of  Calamites  ramosus  consisted  of  lanceolate  leaves, 
arranged  in  whorls  and  united  by  their  bases  to  form  a  very  narrow 
ring  rouiiu  tk<^  ^^em.  This  foliage  was  named  Annularia  radiata 
by  Brongniart  before  it  was  discovered  to  be  the  foliage  of 
Calamites  ramosus  (Plate  XXXVII.,  fig.  1). 
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The  fruit  of  Calamites  ramosv^  is  in  the  form  of  small  coQes 
which  terminate  the  branchlets.  Their  structure  is  that  d 
CdlamostachySy  which  will  be  presently  described. 

In  Calamites  (Eucalamites)  crucicUtM  Sternb.  each  node  bon 
a  verticil  of  somewhat  distant  branches. 

1 1 1. — Stylocalamites. 

The  Calamites  in  this  group  very  rarely  produced  branchei 
Calamites  Suckowii  Brongt.  is  a  good  example  (Plate  XXXV^ 
\v^.  3).  The  outer  surface  of  the  stem  was  smooth,  and  if  the 
nodes  gave  rise  to  branches  they  must  have  done  so  very  rardy. 

In  Calamites  Cistii  Brongt.,  another  member  of  this  group, 
small  scars  occasionally  are  found  on  the  nodes,  but  these  probaMy 
are  the  scars,   at  least  in  part,  of  short  stalked  cones. 

IV.  -AsTEuocALAMiTEs  Scliimpcr. 

This  group  is  of  generic  value,  and  ranks  in  importance  with 
tlie  genus  Calamites',  it  not  only  differs  from  CcdamiUs  in  the 
ribs  not  alternating  at  the  nodes,  but  also  in  the  foliage  being 
dichotoniously  divided.  The  fructification  consisted  of  narrov 
cones,  fully  live  inches  long,  which  are  periodically  divided  into 
sections  by  interposed  barren  whorls,  so  that  the  cone  appears 
as  if  composed  of  a  number  of  oblong  segments  resting  on  eadi 
other,  and  between  which  is  a  whorl  of  leaves.  Each  s^ment 
therefore  consisted  of  a  barren  whorl,  which  is  succeeded  by 
10  or  12  fertile  whorls.  Though  specimens  of  the  fruit  and  foliage 
are  very  rare  in  Britain,  fragments  of  the  stems  are  not  uncommon. 
The  genus  is  characteristic  of  the  Lower  Carboniferous. 

Owing  to  our  inability  in  the  majority  of  cases  of  associating 
the  isolated  foliage  branches  of  Calamites  with  the  stems  to  which 
they  belcjng,  they  are  placed  in  the  two  following  genera— 
Calamodadus  and   Annnlaria. 

In  Calamodadus  Schimper  {Asterophyllites  Brongt.)  the  leaves 
are  arranged  in  whorls.  They  are  narrow  linear  or  setaceous, 
single  nerved  and  placed  closely  together.  One  of  the  commonest 
species  is  Calamodadus  equisetiformis  Schl.  sp.  (Plate  XXX, 
fig.  3). 
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Annularia  Sternberg  contains  those  forms  with  whorled,  single- 

-  nerved  lanceolate  leaves,  widest   near   the  centre  like  Annularia 

'(radiata  Brongt.  (Plate  XXXVIL,  fig.  2),  or  with  spathulate  leaves 

like    Annularia    tphenophylloidea    Zenker,    sp.    (Plate   XXXVII., 

:>  fig.  1).     The  leaves  unite  at  the  bcise   and   form  a  very  narrow 

eoUar  round  the  stem. 

Fbuctification  of  Calamites. 

The  fructification  of  Calamites  consists  of  narrow  linear  cones, 
attaining  in  some  species  a  few  inches  in  length,  though  in  most 
'oases  they  are  of  smaller  size.  The  arrangement  of  the  sporangia 
in  many  of  these  cones  is  still  unknown,  but  of  some  a  very 
complete  knowledge  is  possessed.  For  their  reception  several 
genera  have  been  founded,  as  hitherto  it  has  been  generally  im- 
possible to  refer  them  to  their  parent  stems. 

The  more  important  of  these  genera  may  be  briefly  described. 
Calamostachys  Schimper.  (Plate  XXXVI.,  fig.  2). 

The  cone  is  composed  of  alternating  whorls  of  barren  leaves 
or  bracts  and  sporangiferous  scales.  The  basal  portions  of  the 
bracts  unite  to  form  an  almost  horizontal  collar  which  surrounds 
the  axis,  while  the  free  parts  of  the  bracts  rise  up  almost  at 
a  right  angle,  the  whole  forming  a  saucer-like  structure.  Between 
each  of  these  barren  whorls  is  a  fertile  whorl.  This  consists  of 
slender  pedicels  or  sporangiophores,  which  spring  from  the  axis 
at  right  angles  and  terminate  in  peltate  shields,  on  the  inner 
surface  of  which  are  borne  four  sporangia.  Both  homosporus 
and  heterosporous  cones  occur  in  Calamosta^chys. 
Paljeostachya  Weiss  (Plate  XXXIV.,  fig.  5;  Plate  XXXVI., 
fig.   3.     Falceosiachya  pedunculata  Williamson). 

The  cones  placed  in  Palceostax:hya  differ  from  those  of 
Calamoatachys  in  the  sporangiophores  springing  from  the  axis 
immediately  above  the  axils  of  the  bracts  and  forming  with  the 
axis  an  angle  of  about  45  degrees. 

For  cones  possessing  the  general  appearance  of  Calamosta^chys 
and  Fal.(E08t<ichyay  but  in  which  the  arrangement  and  position 
of  the  fertile  whorls  are  unknown,  the  genus  Volkmannia  Sternb. 
may  be  conveniently  employed. 
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AlacrosUMchya  Schimper  is  another  genus  of  Calamitic  a>ii£s 
These  attained  to  considerable  size,  and  are  much  larger  lu 
broader  than  those  of  the  three  preceding  genera.  The  cones « 
composed  of  alternating  closely  placed  verticils  of  roanj  bncti 
united  to  each  other  throughout  the  greater  portion  d  tba 
length  :  only  the  short  upturned  extremities  of  the  bracts  remii 
free.  Each  whorl  of  bracts  thus  forms  a  saucer-like  collar  whn 
surrounds  the  thick  axis  of  the  cone.  The  arrangement  d  tl 
sporangiophores  has  not  been  clearly  made  out. 

Other  types  of  Calamitic  cones  are  known,  but  those  mentkn 
are  the  principal  forms  which  occur  in  British  Carboniferoas  roc 

Occasionally  specimens  of   CcUamites  are  found  showing 
remains  of  their  rootlets.     These  are — in  whole  or  in  part— 
f;  fossils  for  which  Lindley  and  Hutton  founded  the  genus  Pinnidt 

(Plate  XXXV.,  fig.  1 — PinniUaria  columiiaris).  They  consisi 
rixits  pinnately  giving  off  lateral  roots,  which  in  turn  bear 
rootlets,  apparently  in  the  same  plane. 

That  the  Caiamariece  and  EquisetacefB  are    closely  relate 
bevond  all  doubt,  and  there  seems  to  be  no  satisfactory  reason 
thev    shoul<l    not    be   united  in  one  family   under  either  of  t 
names,  preferably  under  that  first  mentioned. 

The  jjjenus  Calamites  seems  to  have  entirely  disappeared  i 
out  leaving  any  modern  representative,  while  the  less  impoi 
palieozoic  genus  Equisetites  is  probably  the  ancestor  of  the  re 
EquisHum. 


KinSTON  :  THE  FLORA  OP  THE  CARBONIFEROUS  PERIOD.    205 


Explanation  of  Plates. 

Plate  XXV. 

1.  Sphenopteriit    obtusiloba    Brongt.       Grange    Colliery,    Kil- 

marnock. Lower  Coal  Measures  [1560].  Three-fifths 
natural  size. 

la.  Sphenopteris  ohtusUoha  Brongt.  Portion  of  a  pinna 
slightly  enlarged  to  show  the  nervation  of  the  pinnules. 
Specimen  received  from  the  Rev.  D.  Landsborough, 
D.D. 

\^Xot^. — The  figures  enclosed  in  brackets  give  the 
registration  numbers  of  the  specimens  in  the  Author's 
collection.] 

2.  CnJi/mmatotheca   bifida   L.   it   H.   sp.      Lewis   Burn,   about 

200  vards  below  T^ewis  Burn  Cullierv,  North  Tvnedale, 
Northuml)erland.  Calciferous  Sandstone  Series  (Lower 
Carboniferous)  [728].  Three-fifths  natural  size.  Basal 
portion  of   frond  showing  bifurcation  of  rachis. 

5.  Cahjmmatotheca  bifida  L.  ik  H.  sp.  Burdiehouse,  Mid- 
lothian. Calciferous  Sandstone  Series  [717].  Collected 
bv  the  late  Mr.  C.  \V.  Peach.  Three-fifths  natural 
size.  Upper  portion  of  frond  sliowing  bifurcation 
and    pinme. 

3a.    Pinnule  enlarged. 
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Plate  XXVI. 

i.  I.  S pi  ropier  is.  Braysdown,  near  Radstock,  Somerset.  Upper 
Coal  Measures  [510].  Young  frond,  probably  of  Pecop- 
tfvis  in  circinate  vernation.  Rather  less  than  half 
natural  size. 


•> 


Lonchopteris  rugosa.  Brongt.  St.  Eloi,  Mariemont, 
Belgium.  Coal  Measures.  Natural  size  [2634]. 
Specimen  communicated  by  Rev.  Father  G.  Schmitz, 
S.J.,  Ijouvain. 

f.   "2(1.   Portion    of    pinnule    vshowing    the    reticulate    nervation. 
Magnified  about  2i  times. 
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Plate  XXVII. 

;.  1.  DactyUti}ie,ca  plunwsa  Artis.  sp.  Monckton  Main  Colliery, 
near  Barnsley.  Middle  Coal  Measures  [2107].  Natural 
size.     Collected  by  Mr.  W.  Hemingway. 

.    la.  Pinnule  enlarged  four  times. 

.  2.  SphenopteriH  j'urcata  Brongt.  Cramlington,  Northumber- 
land. Ix)wer  Coal  Measures  [259].  Natural  size. 
Collected  bv  Mr.  J.  Sim. 

.   'la.  Pinnule  enlarged  to  show  nervation. 

.  3.  PecnpteriH  nrhorescens  Schloth.  sp.  Radstock,  Somerset. 
Natural   size.      Upper  Coal   Measures  [452]. 

.   3(/.   Pinnule  enlarged   to  show   nervation. 

.  4.  Pecopteris  (Asterotheca)  Miltoni  Artis.  sp.  (after  Zeiller). 
Enlarged  twice. 
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Plate  XXVIII. 

Odontopteris  alpina  Presl  sp.  Monckton  Main  Colliery, 
near  Barnsley.  Middle  Coal  Measures  [1962].  Three- 
fifths  natural  size.     Collected  by  Mr.  W.  Hemingway. 

I.   Portion  of  pinna  enlarged  to  show  the  nervation. 

Annulate  fern  sporangia,  in  section,  Pettycur,  Fife  [Slide 
No.   550].     Magnified  50  times,     a.  Annulus. 

Xeuropfe7'iff  giyantea  Sternb.  Hill  Top  Colliery,  Skegby, 
near  Hiechnael-under-Huthwaite,  Notts.  [206].  Three- 
fifths  natural  size.  Middle  Coal  Measures.  Collected 
V)y  Mr.  E.  Wilson.  On  the  main  rachis,  as  at  </,  are 
seen    the   small   cyclopteroid   pinnules. 

Rptniultia  microrarpa  Lescjx.  Blairpoint,  near  Dysart, 
Fife.  liower  Coal  Measures  [773].  Collected  by  Mr. 
James  Bennie.  Pinnule  showini;  the  fructification 
enlarged. 

/.   Si)orangium   more  highly  enlarged   to  show   the  structure. 
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Plate  XXIX. 

».  1.  Urnatopteris  tenella  Brongt.  sp.  Furnace  Bank,  Sauchie, 
near  Alloa,  Clackmannanshire.  Lower  Coal  Measures 
[1983].     Natural  size.     Portion  of  barren  frond. 

g.  2.  Urnatopteris  tenella  Brongt.  sp.  Furnace  Bank,  Sauchie, 
near  Alloa,  Clackmannanshire.  Lower  Cual  Measures 
[1988].     Natural  size.     Fruiting  frond. 

g.  3.  Vrnatopteria  tenella  Brongt.  sp.  Ellismuir,  Baillieston, 
Lanarkshire.  Ijower  Coal  Measures  [2450].  Enlarged 
about  twice.     Collected  by  Mr.  P.  Jack. 

g.  4.  Neuropt*>ri8  gujantea  Sternb.  Coseley,  near  Dudley. 
Middle  Coal  Measures  [212].  Pinnule  enlarged  to 
show  nervation. 

g.  5.  SfJienopterls  HimiughauHi  Brongt.  Tully garth,  near 
Clackmannan.  Lower  Coal  Measures  [938].  Natural 
size. 

g.  5rt.   Pinnule  enlarged   [936]. 

g.  6.  Urnatopt*'ri8  tenella  Brongt.  sp.  Furnace  Bank,  Sauchie, 
near  Alloa,  Clackmannanshire.  A  few  sporangia  en- 
larged and  showing  terminal  pore  [1970]. 


(I 
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Plate  XXX. 

Catamites  Suckotvii  Brongt.  Ellismuir,  Ballieston,  Lanark- 
shire. Lower  Coal  Measures.  Four-fifths  natural  size. 
Towards  the  centre  of  the  specimen  the  rhizome  gives 
rise  to  three  aerial  stems.  At  the  lower  end  of  the 
specimen  another  stem  is  given  off.  From  the  direction 
in  which  the  stems  bend,  it  is  apparently  the  under 
surface  of  the  rhizome  which  is  exhibited.  Collected 
by  Mr.  P.  Jack. 

Lino/jferU  ohliqna  Bunbury  sp.  Pittston,  Pa.,  U.S.A. 
Specimen  received  from  the  late  Mr.  R.  1).  Lacoe 
[1.348].  Pinnule  enlarged  about  31  times  to  show  the 
nervation. 

CalamocladuH  equiaetifm'mitf  Schl.  sp.  Cadeby  Colliery, 
Conisborough,  Yorkshire.  Middle  Coal  Measures  [1536]. 
Collected  by  Mr.  W.  Hemingway. 


/'.„>:  ;>„./^.  f^„y  ,^,^,^  no(Hft<^  Soc..  V,J.  XIV..  i'liut  XX.X^j 
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Plate  XXXI. 

Dartylotheca  plumosa  Artis.  sp.  Monckton  Main  Colliery, 
near  Barnsley.  Middle  Coal  Measures  [2105].  Natural 
size.     Collected  by  Mr.  W.  Hemingway. 

Daciylotheca  plinnosa  Artis.  sp.  forma  creiuita  L.  «k  H.  sp. 
Fruiting  specimen.  Monckton  Main  Colliery,  near 
Barnsley.  Middle  Coal  Measures  [1210].  Portion  of 
frond  showing  Aphlehia  —  the  Schizopteris  adnatfcens 
L.  k  H.  Natural  size.  Collected  by  Mr.  W.  Heming- 
way. 

» 

I)(tcfi//ofkecn  plumosn  Artis.  sp.    Monckton  Main  Colliery, 
near  Barnsley.     Middle  Coal  Measures  [2008].     Pinnule 
siujwi ng  sporangia  x  8.     Collected  by  Mr.  W.  Heming- 
way. 
a.  8poi*angium  x  25. 

.  Dactylotheca  plumosa  Artis.  sp.  forma  dentata  sp.  Brongt. 
Monckton  Main  CoHiery,  near  Barnsley.  Middle  Coal 
Measures  [2112].  Pinnules  enlarged.  Collected  by 
Mr.  W.   Hemingway. 
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Plate  XXXII. 

Mariopteris  muricata  Schl.  sp.  Monckton  Main  Colliery, 
near  Bariisley.  Middle  Coal  Measures  [2393].  Three- 
fiftiis  natural  size.     Collected  by  Mr.  W.  Hemingway. 

'.   Portion   of  pinna  with    pinnules  to   show   the   nervation. 
Magnified  twice. 

Alethnpteris  lonchitica  8chl.  sp.  Monckton  Main  Colliery, 
near  Barnsley.  Middle  Coal  Measures  [1959].  One 
quarter  natural  size.     Collected  by  Mr.  W.  Hemingway. 

Alethopteris  lonchifica  Schl.  sp.  Blairpoint,  D^^sa^t,  Fife. 
I^wer  Coal  Measures  [2816].  Portion  of  a  pinna 
enlarj^ed  twice  to  show  the  nervation. 
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Plate  XXXIII. 

Caulopteris  cydostigma  Lesqx.  Bra3'sdowii  Colliery,  Rad- 
stock,  Somerset.  Upper  Coal  Measures  [972].  Three- 
fifths  natural  size.  a.  Vascular  scar  contained  within 
the  sclerenchyniatous  band  h  of  the  frond  scar. 

Mf'ijnphyton  sp.  allied  to  MetjaphyUm  mwmnlum  Grand' 
Eury.  Wt)olley  Colliery,  Darton,  near  Barnsley. 
Middle  Coal  Measures  [2159].  Three-fifths  natural 
size.  Collected  bv  Mr.  W.  Herninj'wav.  Portion  of 
stem    showing    one    of    the    rows    of    frond    scars. 
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Plate  XXXIV. 

•.  1.  Calamitimi  G(/p})erti  Ett.  sp.  Wool  ley  Colliery,  Dartoii, 
near  Barnsley.  Middle  Coal  Measures  [1199].  Natural 
size.  Collected  by  Mr.  W.  Hemingway.  At  a  and  b 
are  seen   two  whorls  of  branch   scars. 

:.  2.  Calamife  from  "Coal  Ball,"  Hard  Bed,  Halifax.  Lower 
Coal  Measures.  Specimen  in  the  collection  of  the 
late  Mr.  Spencer,  Halifax,  a.  Cast  of  pith  cavity. 
h  I).  Vascular  axis  witli  structure  preserved.  Natural 
size. 

^.  3.  £</)iisefifet<  Jleminywayi  Kidston.  Monckton  Main 
Colliery,  near  Barnsley.  Middle  Coal  Measures  [1678]. 
Natural  size.     Collected  by   Mr.  W.   Hemingway. 

5.  4.  Cone  of  Equisefum  hf/emale^  natural  size,  for  comparison 
with   Equitietitea  Ilernituju-ayi. 

».  5.  l*(d(ioi<tachya  pedunculata  VV^illiamson.  Blairpoint,  Dysart, 
Fife.     Jyjwer  Coal   Measures  [1997].     Natural  size. 


.  r.j.  XIV.,  1-1 xsxl 
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Plate  XXXV. 

PinntUaria  colunniaris  Artis.  8p.  Crophead  Pit,  8auchie, 

near  Alloa,  Clackmannanshire.  Lower  Coal  Measures 

[2815].        Three-fifths     natural  size.       Probably     the 
rootlets    of    a    Cfdamite. 

Calamitina  approxiniata  Brongt.  sp.  Woodhill  Quarry, 
Kihnaurs,  Ayrshire.  Lower  Coal  Measures  [1551]. 
Three-fifths  natural  size.  At  a  is  seen  the  cast  of 
the  pith  cavity,  and  at  h  the  impression  of  the 
vascular   cylinder. 

Calmnltes  Suckowii  Brongt.  Oaks  Colliery,  near  Barnsley. 
Middle  Coal  Measures  [2218].  Three-fifths  natural  size. 
Collected  by  Mr.  W.  Hemin<(wav.  Pith  cast  of  stem 
/I,  giving  off  another  stem  />,  also  only  represented  by 
the  pith   cast.      At  c  are  seen  some   rootlets. 
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Plate  XXXVI. 

Termination  of  a  Calamite  l)elonging  to  the  section 
Calamitinn,  showing  the  long  narrow  foliage.  Three- 
fifths  natural  size.  Dollv  I^ne,  Leeds.  Middle  Coal 
Measures.     Collected  bv  Mr.  J.  W.   Bond. 

Diagrammatic  representation  of  Calamoattaehys^  showing 
barren  and  fertile  whorl. 

Diagrammatic  representation  of  P(il(Postarhya^  showing 
barren  and   fertile  wiiorl. 

Calainitina  rerticillata  L.  tt  H.  sp.  Oaks  Colliery,  near 
Barnsley,  Yorkshire.  Middle  Coal  Measures  [2148]. 
Three-fifths  natural  size.  Collected  by  Mr.  W. 
Hemingway.  At  the  upper  end  of  the  specimen  is 
seen  a  verticil  of  branch  scars.  The  fossil  shows 
a  ribbed  exterior  which  in  this  species  appears  to 
represent    the    outer    surface    of    the    plant. 
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Plate  XXXVII. 

Aniiularia  sphetiophyUoides  Zenker  sp.  Small  branch 
showing  leaf-whorls.  Camerton,  Somerset.  Upper  Coal 
Measures  [2304].  Collected  by  Mr.  G.  West.  Three- 
fifths  natural  size. 

7.  Leaf  enlarged. 

Annularia  radiata  Brongt.  This  is  the  foliage  of 
Calamites  ramosus  Artis.  Three-fifths  natural  size. 
Ix)chwood  Colliery,  Easterhouse,  Lanarkshire.  Lower 
Coal   Measures  [2426].     Collected  by  Mr.   P.  Jack. 

I.   I^af  enlarged. 

Calamites  ramosus  Artis.  Dolly  Lane,  Leeds.  Middle 
Coal  Measures  [2699].  Three-fifths  natural  size. 
Collected  by  Mr.  J.  W.  Bond.  This  example  shows 
the  outer  surface  of  the  stem,  which  is  smooth. 

Calamites  ramosiLs  Artis.  Devonside,  near  Alloa,  Clack- 
mannanshire. Lower  Coal  Measures  [2817].  Three- 
fifths  natural  size.  Collected  by  Mr.  J.  F.  Lyon. 
This  specimen  is  the  cast  of  the  pith  cavity. 
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REPORT    ON    THE    DRIFT    DEPOSITS     AT    MYTUOLMROTD. 
BY    ROBERT    LAW,    F.Ci.S.,    AND    WM.    SIMPSON,    F.G.S. 

>n  the  south  side  of  the  river  Calder,  at  Mytholmroyd,  is 
>teau  or  terrace  rai«e<l  some  20  to  50  feet  above  tjie 
it  banks  of  the  river,  from  which  it  is  separated  by  a 
N  tract  of  alluvia]  holm  land.  This  terrace  is  about  half 
e  long,  by  300  to  400  yards  wide,  and  is  on  the  330  to 
'eet   Datura   level. 

t  is  bounded  on  the  west  by  Stubbs  Clough  and  Hawks 
h,  and  on  the  east  it  extends  to  within  about  100  yards 
B  Cragg  Brook,  near  its  junction  with  the  Calder,  whilst 
le  south  it  abuts  against  and  is  bounded  by  the  rising 
sides. 

llthough  the  Cragg  Vale  Brook  has  almast  evidently  cut 
^h  and  worn  back  the  eastern  edge  of  this  terrace,  the 
1  is  now  seen  running  against  a  cliflF  of  grit  shales  on 
tst  bank,  and  there  is  no  evidence  of  drift  deposits  on 
;ide. 

'o  the  casual  observer  this  terrace  has  the  appearance  of 
[-<lefined  alluvial  river  terrace  only. 

"or  many  years,  however,  local  geologists  have  known  that 
^posits  forming  the  terrace  contained  more  than  the  ordinary 
alluvium  and  local  rocks,  and  it  appears  sOmewhat  strange 
the  Memoirs  of  tlie  Geological  Survey  of  the  Burnley  Coal 
which  include  this  <listrict,  make  no  allusion  to  the  dis- 
/  of  erratics  here. 

Although  these  Memoirs  were  published  so  late  as  a.d.  1S74, 
uthors  say  in  reference  to  this  area,  "The  only  part  of 
district  in  which  drift  has  been  observed  is  the  northern 
of  Bimlswortli."* 


•-»o   (loology  of  tin*  IJurnlcy  CoalHeld,   p.    120. 
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Ami  a;^iii,  **Aii  obj*erver  cannot  fail  U»  Ix?  struck  n 
cuntnvsl    l)t»tween    the  west<M*n  and   ea.st<eni  sides  of  the 
Chuin    as    iv^^mis    the   ^Ucial    deposits.       Ail   alung  the 
Hanks  of  the  chain  and  extending  into  the  plains  thetie 
an'    spread     in    masses,   often    attaining   a    tliickness   (»f 
200    f(H?t,  hut    on    the    Yorkshii-e   side    these   deposits  an» 
the   strata  everywhei*e  appearing  at   the  surface,  or  only 
l»v  soil.* 

It   would  appi^ar,  theivfoi'e,  tluit    these  ol>servei-s  did  i 
the  presence  of  drift  with  eri-atics  at  Mytholmrojd. 

So  far  U-ick  as  al)out  a.d.  1840,  however,  according 
late  James  SptMicer  t  (who  latterh'  somewhat  ]x)ldly  d 
these  deposits  hs  the  "  M ythohnn>yd  Moi-aine"),  a  con' 
numher  of  I  wm Mel's  of  gi-anite  and  (»ther  foreign  rocks 
them  half  a  ton  in  weight,  weiv  found  in  making  the 
hetween  Mvtholmixn'd  and  HeMen  Bridge,  the  cuttiiii;  f« 
traverses  the  length  of  the  teriiice. 

In    later    veai*s    many  ohservei*s    have    ivcoi-ded  erral 
found    at    the    surface,  expiKscn]   in    the    f^Kitimths,  or  at 
of  the  terrace*  almost  thixmghout  its  length. J 

The  occuri*eiice  of  glacial  Ixmldei's  in  the  Caldei 
originatiiii^  from  Cumherland  and  the  Jjtike  Distnct,  i** 
e<uirse,  well  established  by  extensive  finds  at  Milhv< 
Toihnordeii,  Mvtliolmrovd,  Luddenden  F<x>t,  Si»werl>v 
Kllaiid,  Ih'ookfoot,  Mirfield,  and  elsewheiv,  and  it  is  not 
that  tiiese  glaeial  deposits  <K*oupy  the  l)efl  of  the  va 
Todiiiortlen  to  Sowerbv  Hridt^e,  coveivd  hv  m«)re  local 
alluvium. 

In  order  more  thorou^'hlv  to  examini*  the  natui 
Mvtliolmrovd  drift  and  its  contaiiuHl  ermtics,  a  sub-cof 
till'  Yorkshire  (weolo^^ical   and   Polvt-t^chnic   Sm'ietv  was 


*  Ibid,  p.  KiS. 

t  Soi-    Halifax    Xaturalist,   \'ol.   1.,  p.  21;   also   Pnxs.   Yi»rlo 
Poly.  Soc-.,  Vol.   XIII. »  p.  .S7.">,  section  illustrating  ][iaiier. 

:J:SiM'  reports  of  Yorkshire  Boulder  Coniinittec  for  1898,   IS 
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i  »  visit  of  t>ie  niemben  arranged  to  be  nuMle  to  view  the 
nits  obtained  on  the  day  of  the  Annual  Meeting,  November 
d,  1899,  when  we  were  instructed  to  submit  a  report  later. 


A.  Drift  witli  crraticx.      II.  Shali^a. 
Sjcctioris  cut  iiitu  edge  of  terract-  of  drift  tleposits  at  Mytliulmrriyd 
n  a  liolJ  lietweeii  Scar  Bottom  and  the  aoiith  Ki<ie  of  railway  embank- 
leiil  by  Mytlioliiiniyd  Station.     The  parts  excavateil  art-  ioilicated  by 
be  dotteil  lines. 

At  a  preliminary  investigation  of  tlie  areu,  acting  upon  the 
rice  of  Mr.  P.  F.  Kendall  it  was  decided  to  run  two  cut- 
gs   or  driftx    iiit^i   the  edge  of  the  terrace  as   it  rises   in    the 
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field  l)etwet'ii  the  Cragg  Vale  Brook  aud  the  south 
niilwtiy  cmlMiiikinent,  this  l)eing  thought  likely  to 
siitisfactory  results  than  would  be  obtained  by  s 
the  surface. 

By   enlisting   the   aid   of   the   tenant   of    the   fa 
sliort   drifts   were  duly  cut,  running  well  into  the  r 
which  in   tliis  field  presents  two  tongues  of  escarps 
ernlMiynuMit     l)etween ;    a    section    was    cut    int<»   ea 
tongues. 

In  one  cutting  (Fig.  1),  the  southerly  one,  the  i 
wen»  found  to  rest  upon  the  undisturbe<l  shale, 
junction  }K»ing  traceable  by  springs;  the  shales  > 
ahnost  linable  with  the  terrace  e<lge  contour,  and 
therefon^  was  nituie  in  a  series  of  three  steps  for  a 
in,  wliere  a  clear  face  of  S  ft^t  det»p  by  al)out  > 
\vid<»  of  tlrift   was  exposefl. 

In  the  north  cutting  (Fig.  2)  the  shales  weir 
connnencing  a  little  higher  up,  and  a  section  was  e; 
12  f(M.*t  into  the  terrace  ending  in  a  7  feet  face. 

Two  oi-  thre<*  tons  of  Ixuddei's  weiv  got  out 
size  frnni  about   12   in.  long  to  ])ebbles  of   1   in. 

The    great    bulk    wei*e    local    gi'it   stx»iies    and 
s{)u\o    [    or    T)   cwt.   were   laid   Jiside   for   further  exaii 
7")    boulders    were    later    brou^'ht    awav    for    careful 
these    varied    in    size    from    alxKit    6    in.    bv    4    in. 
pel)l)les    of    \\    in.   long. 

A    careful    exaniinatioii    of    th(»    Inmldei-s    brougl 
been    made,    with    tiie   helj)  of   Messi's.  J.    H.   Ilowart 
Miitr,   and   ihev   were  fuiind   to  consist  of  and   l>e  in 
numerical   j^roportion  :- 

(lalliard  or  (taiinister  ...  ...  ...      1 

(Jraiiopliyn^s        ...  ...  ...  ...      I 

Andesites  ...  ...  ...  ...      1 

lUivolites 
Silurian  (irits    ... 
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5 


Vein  Quartz      ...         ... 

Kskrlale  Granite            ...  ...  ...  2 

Volcanic  Ash     ...          ...  ...  ...  2 

Carboniferous  Sandstones  ...  ...  2 

Lyiiert       ...          ...          ...  ...  ...  1 

Quartz  Felsite   ...          ...  ...  ...  1 

Chey    were   imbedded   in   a   loamy,  sandy   matrix,  and    were 
equally  throughout   the   length  and   depth  of   the  section, 
diately   after   the   grass   and    a    few   inches    of    surface    soil 
jeen  removed. 

They  lay  at  all  angles  and  positions,  and  were  so  separated 
he  gravelly  and  sandy  matrix  that  it  was  quite  evident 
were  not  stream  laid. 

^me    of    the    harder    stones    possessed    flat    soles,    such    as 
.cterise     glaciated     stones,    but    no    unmistakable    striations 
exhibited  by  any  specimen. 

The  far-travelled  stones  were  well  rounded  and  apparently 
r  worn,  the  local  galliaixls  were  more  subangular. 

Mr.  Simpson  has  not  been  able,  on  subsequent  visits,  to 
any  erratics  exposed  in  the  western  part  of  the  ania  or  in 
stream    bed    of   Stubb   Clough.     Mr.   Ijaw,  however,   is   quite 

that  he  and  Mr.  Saltonstall  have  found  them  all  round  the 
of  the  terrace. 
A  careful  search  was  made  for  erratics  on  the  same  contour 

as   the  terrace,   but   a   little   further  up  Cragg  Valley,  but 
out  success. 

It   may   be   noted    that   to   the   west   of   the    terrace  l^yond 
b  Clough    the   valley  contracts  considerably  from  both  sides, 
it   is    highly   probable  that   it   is   to   the   projection    thus  of 
hill  sides   we  owe  the  preservation  of  these  drift  deposits. 

It  is  extremely  diflicult  to  account  for  the  phenomena  pre- 
^  by  this  drift,  with  its  enclosed  erratics,  by  any  other 
ry  than  that  it  is  the  product  of  land  ice  which  travelled 
brought  its  debris  from  the  western  side  of  the  Pennine 
n.     The  absence  of  l^edding,  the  way  in  which   the  boulders 
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n('n>  laid  anil  Kepamtcl  by  thi>  jrruvflly  matrix, 
(His'.iliility  t>f  tluf  cU-pOHit  being  that  of  ninninj; 
the  pn>K('iii.-e  of  ihf  erratics  througliuut  the  iiiai 
Ixwi-r  layer  >>f  inon.-  IochI  stones,  'lueti  not  leniJ  m 
tliiiiry  i)f  local  iL-e  beinf;  ovei"' ridden  by  spurs 
il..wn  till?  valley  from  uver  the  Pennine  waterslied. 
'riicrt-  arc  superficial  indication!)  further  down 
the  Miulhcrn  side  between  Mytholmroyd  and  Lot 
(i[  liiiiiiii«K.'ky  drift  patches,  which  offer  scope  fui 
Tfixiy  fui-llier  investigation. 
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NOTES    ON    KA8T    Y0RK8HIKB    B0ULDKR8. 
BY    JOHN    W.    STATU  KK,    F.(J.8. 

(Rend  Jnh/  14M,   1900.) 

Our  knowledge  of  the  distribution  and  source  of  the  boulders 
last  Yorkshire  has  perceptibly  increased  during  the  last  few 
a,  and  an  attempt  is  made  in  the  following  notes  to  point  out 
^roup  the  more  interesting  uf   the  facts,  both  old  and   new. 

B0ULDER8    TWELVE    INCHES    AND    UPWARDS    IN    DIAMETER. 

fcJome  ten  years  ago  Mr.  G.  W.  Lamplugh  counte<l  and  roughly 
Sfied  the  larger  boulders  of  Flamborough  Head  and  other 
ted  localities  on  the  Yorkshire  coast,  and  published  his  i*esult8 
ie  Proceedings  of  this  Society.  This  work  has  been  continued 
:iembers  of  the  Hull  Geological  Society,  who  have,  up  to  the 
2nt  time,  recorded  nearly  4,000  Iwulders  of  twelve  inches  and 
Birds  in  diameter.  To  avoid  possible  error  arising  from  the 
ing  beach  and  other  causes,  only  the  boulders  actually  in  place 
lie  clays  were  noted,  or  such  as  had  recently  and  obviously 
»  from  the  cliffs.  The  whole  of  the  coast-line  from  Spurn 
flamborough  has  been  surveyed  in  this  way,  and  also 
ions  of  the  coast  north  of  Flamborough  as  far  as  Saltburn. 

lists  thus  compiled  have  been  published  from  time  to  time 
the  Hull  Geological  Society  and  by  the  Erratic  Blocks* 
nriittee  of  the  British  Association. 

The  cliffs  of  Holderness,  with  the  exception  of  certain  post- 
al dieposits,  consist  entirely  of  glacial  accumulations,  and 
'fore  afford  exceptional  opportunities  for  the  study  of  East 
•  shire  boulders ;  and  the  following  table  gives  the  particulars 
ned  at  four  localities  where  the  cliff  sections  were  clear 
V>oulders  plentiful : — 
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Table  I. 


'      Bot-LDKRM  TW'KLTK  INCHKS 
A.M>    Ul'WARI»S    I.\    DlAMETKR. 


<»rigin. 


Out 
Ne«'ton 
(i  SItU  »f 
Clif). ' 


Taa<An  'AliUir 

{IJIiUof    ilMi 

ai/l     '     a\ 


"1 , 

Percent.  ,  Percent.  \  IVr( 


J 


^ 

«- 


> 


c 
to 

I- 

i  "^  ^ 

;-2 


c 


LjI«*S^  ■••  •■•  •••  •■• 

Chalk 

Other    Meaozoic   n»ek8, 
chiefly  sandstones   .. 

CArlx>nifen>us  limestone.. 

Sandstones,  grits,  9cc. 
chiefly  from  CarUm 
iferous  sources 

Ikisalts 

<«rAnites,   gneiss,    schists 


r>*6 

1-9 

3-7 
37-8 


12-4     ' 

28-8 


13-9 
2-9 

1-8 
37-6 


h 


i     2 


Actual  number  of  boulders 
nottnl  ... 


9-8 


l(K)-0 


267      I 


17-9        ; 

23-4    I 


25    ! 


9 


100-0 


10 


•274 


From  the  above  table  it  will    be  seen   that  thi 
East  Yorkshire  can  Ije  divided  into  two  well-definec 
first  division  consisting  of  rocks  from  comparatively 
and    tlie    s(»cond    division    comprising    rocks    from 
localities. 

(1)  LOCAL  HOCKS.  The  coast  of  Yorkshire  n 
lington  presents  continuous  sections  of  the  Jurassic  a 
strata,  and,  jis  might  be  expected,  these  nx^ks  are 
scnted  in  the  glacial  l>eds  to  the  southward. 

fjifm.     In    soutli    Holderness   hard    nodular   cor 
this    formation    niv    plentiful,    but    large    lx>ulders 
shales,  so  characteristic  of    the    lower  part  of  the 
places,  are  ran^      Further  north,  in  Filey  Kay,  Ijet^ 
Valley    and    Hunmanby    (Jap,  many   masses   of    Li« 
embedded    in    boulder-clay,  both    in    the   cliffs    and 
shore,  and  were  formerly  mistaken  for  Kimmeridge 
Several    of    the   masses    in    the    base   of    the    cliffs 
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soni  beds  of  the  Lower  Lias,  while  on  the  beach  patches 
pper  lA&s  occur.  One  of  these  patches  was  observed  under 
illy  favourable  conditions  during  the  summer  of  1898.  The 
:er  occurred  on  the  beach  forty  yards  from  the  foot  of  the 

and  consisted  of  a  patch  of  black  shale  twenty  yards  long 
en  yards  wide,  surrounded  by  boulder-clay.  The  shale 
ed  few,  if  any,  signs  of  crushing,  and  contained  numerous 
^reserved  fossils,  including  Ammonites  communis  and  Leda 
.  Mr.  G.  Lether,  of  Scarborough,  also  informs  me  that  he 
seen  similar  large  masses  of  shale  containing  Upper  Lias 
8  in  the  boulder-clay  cliffs  situated  in  the  Cliff  Bridge 
Mny^s  grounds,  south  of  Scarborough. 

Oolite.  Boulders  of  Oolite  are  comparatively  rare  in  south 
emess ;  but  as  we  proceed  northwards  and  approach  the 
ibourhood  of  Filey  and  Scarborough,  where  these  rocks  occur 
itUj  Oolitic  boulders  become  exceedingly  numerous  in  the 
:ent  glacial  clays. 

tSpeeton  Clay.  Mr.  Laraplugh  has  also  pointed  out  that  the 
r  part   of   the  drifts  resting  on  the  Chalk  around  Selwick's 

Flamborough  Head,  is  largely  composed  of  re-arranged 
fcon  Clay. 

Chalk.  As  far  as  I  am  aware  no  boulders  of  Chalk  twelve 
^  and  upwards  in  diameter  have  been  noted  in  the  drifts 
1  of  Flamborough  Head.  In  Holderness  they  occur  in  fair 
bers,  though  somewhat  unequally  distributed,  as  the  following 
shows : — 

17  per  cent,  of  the  boulders  are  Chalk. 

>» 
»> 
>> 
»» 
»» 
»» 
>> 


b  Barmston  ... 

17  per  c 

Skipsea 

U 

Atwick 

3G 

Hornsea    ... 

10 

Mappleton... 

12 

North  of  Aldbrough 

24 

South  of  Aldbrough 

9 

Thorp  Garth 

4 

Hilston 

3 

Tunstall     ... 

3 
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At   Witliernw.'a  ...      li  per  cent,  of  tlii*  WnildeiN  j 

„     Hollvin      ...  ...      y 

„     Hultiipton  ...  ...    12         .,  ., 

„    <  )ut  Xewton  .2         ., 

„     l>imIiii^toii  ...     .*i         ., 

.,     Hasington  ...  .14         ., 

.,     KiliiHea      ...  .  .     7         „  „ 

This  iikeijuality  in  tlit^  distrilnitioii  of  Chalk  Ixmlders 
(iirtt^rent  places  along  the  Hohlerness  coast  probably  ai 
the  fact  (p<>inte<l  out  by  \Vo<k1  and  Home)  that  the  1 
of  the  glacial  series  of  Holdemess  contains  more  CI 
tilt*  iipjKT,  and  that  these  Imseinent  beds  with  their  h 
rentage  of  Chalk  b<»uiders  rise  only  occasionally  above 

(2)     K.VR-TRAVKLLKD     BOULDEItS.  It     will     be    KCeil   I 

No.  1  tlwit,  among  the  far-travelled  boulders  of  Uie  I 
vliiro  <li'ift  dep<jsits,  Carbonifen>us  rocks  take  numei 
It'adiiig  })osition ;  and  the  Carlxjniferous  area  west 
of  the  To<»s  is  generally  reganled  as  their  place  of  ot 
gnmp  of  l)oul<lers  next  in  numerical  importance  to 
going  is  tlie  Ixisalts,  the  source  of  which  is  undou 
W'liin  Sill.  The  next,  and  last,  group  is  that  of  th 
gnti^scs,  iVf.,  comprising  rocks  of  widely  diversified  typ 
variety.  Pliillij)s  showed  long  ago  that  some  of  these 
the  Kiiglish  l^ke  District,  and  we  now  know  that  the 
Clie\  iot  and  Scandinavian  rocks  among  them  ;  but  the 
a    larire    number   of    these    rocks    have    vet    t4)    l)e   detc 

When  the  list«  of  Iwulders  obtained  in  the  sout 
shiiv  an*  compare<i  with  the  lists  obtained  in  the 
bring  to  light  se^e^al  interesting  facts  with  regard 
travrlled  l»oul(lers.  Compare,  for  instance,  the  lists  < 
Diinlington  and  Redclit!',  in  south  Yorkshire,  with  tb 
rpgang  and  Saltburn  in  the  north.  Before,  however 
the  bouMers  it  is  advisable  to  give  a  brief  descripl 
localities  where  the  lists  were  compiled. 

(i.)    Dinilington     is     situated     on     the     sea-coast 
southern    extremity    of     Holderness.       The    cliffs    ave 
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feet  in  height  f<ir  upwarcJM  of  two  miles,  ami  are  entirely 
?d  of  glacial  material,  chiefly  boulder  -  clay.  Here  were 
(34  boulders  of  twelve  inches  and  upwards  in  diameter. 
)   lierlcliflf   in    on    the    north   shore   of    the    H umber,    near 

Ferriby,  and  is  twenty-four  miles  west-north-west  of 
;ton.  The  cliff  continues  along  the  H umber  side  for 
•ds  of  a  mile  with  an  average  height  of  eighteen  feet, 
jether  with  the  adjacent  beach  is  composed  of  boulder- 
Che  boulders  recorded  here  were  373  in  number. 
■)  UPo^^^g  's  one-and-a-half  miles  north  of  Whitby;  the 
^tions  are  one  hundred  feet  or  more  in  height,  and  con- 
^ely  of  boulder-clay.  In  this  neighbourhood  Mr.  Lamplugh 
and  classified  two  hundred  lx>ulder8  of  twelve  inches  and 
s  in  diameter,  the  majority  of  which  wei*e  of  local  origin ; 
'centages  given  in  the  table  below  are  based  on  his  list. 
.)  The  cliifs  between  8altburn  and  liodcar  present  the 
orthern  exposure  of  boulder-elay  on  the  Yorkshire  coast 
sections  yielded  133  boulders  of  twelve  inches  and  up- 
in  diameter. 

fter  eliminating  all  the  focal  boulders  from  the  lists,  at 
)ve-mentioned  localities,  the  relative  proportion  between  the 

groups  of  far-travelled  b<julders  is  as  follows : — 

Tablk  II. 


liROri'S. 


rboniferous  Iime8t<iiie8! 
and  sandBtones 
salt  (Whin  Sill) 
ignesian  limestone    .. 
anite,  gneiss,  &c. 


I. 
DiinliuKtoii. 

Vvr  iMit. 

0 
13 


100 


II. 

III. 

IV. 

K««ldiff. 

l'l»nang. 

Saltbum. 
Per  cent. 

Per  cent. 

Per  cent. 

.•►9 

70 

73 

30 

24 

•20 

0 

f) 

7 

11 
100 

1 

0* 

100 

100 

jveral   large   boulders   of   Shap   granite   were    seen    in    the    gardens 
mt  the   town,   which    hml   prohably   l)een   derivetl   from   the   neigh- 
drifts. 


'1\'2  stathkr:  nutks  on  east  yokkshikk  boildek 

It  will  be  seen  froni  Table  II.  that,  although 
I M  mi  fen  JUS  liiiiesUmes  and  sandstones,  and  the  ba 
travelled  into  our  district  from  practically  the  sanH 
n*l«tive  prop* >rt ions  of  the  boulders  from  the  two  ^ 
considerably  from  pi>int  to  point.  Thus,  while  it 
\>*x\i  ^>ups  decrease  numerically  southwards,  the 
show  that  the  liaHaltic  gri>up  increases  relatively  froi 
southwanls.  The  explanation  of  this  seems  t4)  be  ttu 
lM>uMers  of  l)asjilt  liear  transport  l)etter  than  similar  i 
the  Crtrlxmiferous  seilimentarv  rocks. 

In  south  Holderness  the  ^lagnesian  Limestom 
i>  rarely  t'ounil  excepting  as  pebbles,  but  these  grow 
and  ><i/.e  noi*thwaixis.  I^ir^  lx>ulders  begin  to  appei 
S*arUiroui:h,  and  at  Whitby  and  Saltburn,  as  the  t 
they  form  fri»in  •')  to  7  per  cent,  of  the  non-local  Iwuh 
in  the  clavs.  This  rock  is  matched  by  the  Ma<rn 
stone  t'i»und    in  tfiffi  at  Roker,  near  Sunderland. 

We  now  eonie  to  the  boulders  of  igneous  nx' 
in  irrouji  K  wliich  are  shown  by  the  table  to  de 
nunierii-ally  and  profMU-tionately  northwards.  This 
(ItSTeasf    is    all    the    more    noteworthy    when    we   ren 

me 

hiniMer<  of  Sliap  v^ranito  and  other  I^ke  District  r 
the  Cheviot  |>orphyrites,  all  included  in  this  ^nj 
raj)i<lly  in  the  same  dii-ectiim.  This  seeming  ano 
T  think,  from  the  influence  of  the  btmlders  fixmi 
Anioni;  the  boulders  of  south  Holderness  occur  vei 
types  which  agree  with  certain  Scandinavian  rod 
kn«»wn  of  tliese  l>eing  the  augite-syenite  (/anrriki 
rhomb-porphyry.  Tliese  tyj)es,  although  not  by  am 
known  in  the  drifts  t)f  North  Yorkshii"e,  are  mudi 
than  in  thf  south.  Kor  instiince.  at  Dimlingto 
Holderness,  we  should  lind  at  least  one  hundred  l)oi 
above-named  Scandinavian  rocks  to  one  of  Shap  g 
on  the  <»ther  hand  at  Kobin  HckkI's  Hay  or  Runswii 
near  Whitby)  the  Shap  l)oul<hirs  outnuml)er  the  ! 
twenty    to    one.        St^einv;    then     that    the    lH)ulders 
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both  in  number  and  variety  southwards,  and  that  among 
ft  are  certain  Scandinavian  types  which  are  knoum  to  be 
\%  more  plentiful  in  the  south  of  the  county  than  in  the 
Ib,  I  think  it  may  be  fairly  inferred  that  the  unidentified 
m   of  the  group   are   probably  largely  from   Scandinavia  also. 

SMALLER     BOULDERS,     PEBBLES,    AND    (TRAVELS. 

TJp  to  the  present  we  are  not  in  possession  of  even  a  rough 

jrms  of   the  smaller  boulders  and  gravels  of  the  East  York- 

»     drifts ;   but   the   few   notes    that    have    been    made    are   of 

fe   interest  and  suggest  a  profitable   field    for   further   investi- 

>».     Among  the  smaller  stones  and  pebbles   we  find  derived 

JLa    of    wide    range,    Carboniferous    corals    being    particularly 

picuous.     From  the  Secondary  rocks  laas  fossils  are  perhaps 

most   common,    though    in    Holderness    specimens    from    the 

^'^n    clay  and   Chalk   are   not    rare.      North   of   Flainborough 

€3l,  fossils  and  pebbles  from  the  Cretaceous  rocks  though  rare 

aiot   unknown,  and   the   writer   has   seen    striated    pebbles   of 

l    chalk   (six  inches  in  diameter)  in  the  glacial  clays  at  Seal  by 

**,  two    miles    north    of   Scarborough,    and    smaller    pebbles   of 

^ame  character  as  far  north  as  Kettleness.     It  has  also  long 

».    known   that    the    East    Yorkshire   boulder-clays,  lx)th    north 

south  of  Flamborough   Head,  contain  large  numbers  of  black, 

t,    and    green-coaterl    flints,    which     cannot    be    matched    from 

Icshire    rocks   in  situ.      In    addition    to    this,  a   well-preserved 

>er   Cretace<jus    belemiiite,    which    Mr.   Jukes-Brown   recognises 

^elemnitella  lanceolafa,  is  frequently  found   in  the   Holderness 

ts,  vet    is   unknown    to    collectors    from    the  Yorksliire  Chalk. 

the    other   hand,    lifJe/innitella   qnadrala^   which    is   common   in 

Upper  Chalk   of  Yorkshire  and   Flani])orough   Head,  has  not 

been    noted    in    the    Holderness    clays,    though    sought    with 

It  is  also  worthy  of    note    that   among   the   smaller  boukjers 

pebbles   from    the    boulder -clays    an<l    gravels    of    East  York- 

'^   the    percentage    of   the    far-travelled    rocks    is    much    higher 

^^   among    the  larger  boulders.      There    are   certain    types   also 


iiti)ong  thv  smallrr  H|Mvimen!i  wliich  seldom  appt 
Amon^  tliejie  i-.  u  fairly  definite  group  uf  rocl 
anxiii);  Kast  Yorlcisliire  nillecturi  as  }ior/ihifrit 
w-itli  some  i-*intideni.-e  to  tlie  Cheviot  Hillit.  Th< 
iif  tliis  coiiclusioii  may  l»e  brietly  stat«d  us  foUoi 
mvui  t<i  iimlt-li  the  descriptions  of  thf  Chet 
liy  Mr  .1.  .).  H.  Teall  nnd  others.  (2)  Feb 
ini.'rva->o.  l>(>th  in  nuiiiliere  and  in  Hize,  an 
On-vi..t  <U»trk-t.*- 

The  <li»triliuiioii  uf  l>uth  houlilers  and 
iiic\]>lii;al>)c  uiidiT  the  Hupposition  tliat  the  drif 
ill  ilif  si-ji  tluiin-;  sulmier;p^nce  of  the  land,  li 
iiatiinilly  iiitii  place  if  we  acknowledge  the 
iL-esiieels  inverini!  not  only  the  land   but  tlit: 

S.    V.    \V..-I.    iui...    m,.\   J.    r..    R..me.       "Oil    the   C 

Stnu'ttiri'   111    LiiKolii-'liitv   iiiiil  >South-i>ast    York 

i.,^.l.   S.V  .  \..l   XXIV..  |>.   140. 
J.    I'Uitli).'.      --lUiixlntthHis  of  till'  <:eo1ug,v  iif  Yorl 

V..ik-liiiv  l\a>l."  3r.l  clit. 
C.    llii.l.      < "■..l..^i.-iil   Snivrv    Mt-moir.      "The  (itolo 
( ;.  \V.   l-itiii.lii-li.     ■'  Tin-  I.  .ijri.-i-  Il-HiUlen.  <.f  Hanib 

IV."-.  V..ik-.  I  ;.■.,!.  M„l  l'>.lyl.  S,ic..  V..1.  IX.,  p.  ; 

V..I.  XI.,  |..  i-ll :  I'^irl  IV..  V(.l.  XI.,  |i.  3i»7. 
(..   W.   I.iiii|.l:idi-     "Ih-ifi-   ..f    KLiiiib..nmgh    H.-a.! 

S«„  V..1.   XI.VII..  ]..  3.H*. 
T.   Mi-i'i"i-'l  111"'    H-    Mutr.      '■N'.m. tUi-    liln. 
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I    ON     SECTIONS     KXIIIBITED     DURING     THK     EXCAVATION     OF    TIIR 
ALEXANDRA     DOCK     EXTENSION,    HULL. 

BY    W.    U.    CROFTS. 

{Bpod  Nm-embey'  8M,    1900.) 

rhis  extension   in   really   a   small   dock,  connected    with   the 

Alexandra  Dock  by  a  short  channel  opening  into  the 
n    side    of   latter.      The    extension    has    an    area   of   about 

acres,  its  centre  being  about  Lat.  53"  44'  40",  and  W.  Long. 
'  15".     It  is  situated  on  the  foreshore  forming  the  northern 

of  the  river  Humber,  immediately  to  the  east  of  the 
iiidra  Dock,  and  near  to  but  west  of  the  eastern  boundary 
e  city  of  Hull. 

rhe  site  was  originally  a  mud  crancli,  the  high  side  of  which 
C8  to  a  height  of  12  ft.  above  O.D.,  being  the  level  of 
.O.S.T.  L.W.O.S.T.  being  10  ft.  below  CD.,  that,  of 
©,  is  the  height  of  the  low  side  at  its  apparent  limit.  The 
side  of  the  cranch  abuts  against  an  artificial  bank,  formed 
•otect  the  low  lying  land  north  of  the  Humber  (in  many 
s  only  8  ft.  above  O.D.,  and  even  less  in  a  few  instances)^ 
st  the  estuarine  tides  which  have  gradually  warped  up  the 
h  to  at  least  4  ft.  above  the  adjacent  country.  The  date 
le  first  formation  of  this  bank  is  unknown,  but  it  must 
been  many  hundred  years  ago ;  in  fact,  it  is  (juite  certain 
:liere  were  banks  here  before  the  Norman  Conquest,  for  there 
Jlages  mentioned  in  Domesday  Book  which  were  on  the  east 
>f  Hull,  and  which  therefore  must  have  been  protected  by 
ik  or  Imnks.*"'  On  the  original  surface  of  the  site,  part  of 
xcavated  material  from  the  Alexandra  Dock  itself  had  bt»en 
ited,  ix>ughly  levelling  it  up  to  about  17  ft.  above  CD. 
The  general  excavation  was  carried  down  to  21  ft.  6  in. 
'  CD.,  the  floor  of  the  dock  being  formed  at  this  level,  and 
hes  for  th(»  foundations  of  the  dock   walls  were  excavated  to 

30   It.    to   34   ft.   l>elow   O.D.     The  formations  exhibittnl   by 


*  vr 


King  Kdward  I.  and  KingHt<)n-uiK)ii-}{ull.     J.   R.  Ik>yle,  F.S.A. 
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tlirsf'    \%ork.s   are    <;lacial   and    post-glacial.      The   strata 
aftrr    tlu»    removal    of    the    dt*hris    from    the    Alex^in 
Umii;;    as   follows  :     IIuihImt    warp,     shell     l^eii,    marl, 
stoiioh'ss  /glacial   clay,  pravel   and    lx)u1der  clay. 

The    eastern    wall    trencli    was   most   favourahle  i 
ithsi-ivation.      At  the  southern  end   the  stratn  were  as 

ft. 
laminated    warp  ...  ...  ...        ]'l 

Sl»»ll   \hh]  ...  ...  ...  ...         0 

^11^  •••  ■■■  •••  ■■■  ■«»  A 

Shell    lH*d  ...  ...  ...  ...  1 

(ilaeial    «;ravols  ...  ...  ...        H 

Compact    iMniMer  clay  ...  ...  ...         3 

TowanN  the  north  the  surface  of  the  lM>ulder 
a  Ih'(1  of  stoneless  hmI  <'lay  intrudes  into  the  upper  pc 
uia\rN,  a  jK'at  lx»d  makes  its  appearance,  one  of  thi 
<iiNa]i]M>ar^,  and  the  toe  of  a  sand  l)ank  i.s  introduci*< 
\\arj>.  At  the  north  en«l  of  this  trench  we  find  tl 
distinct  ImmIs  of  Ixnilder  clay  sepai'atefl  by  ^ravi 
sIojh'Ij'^^  clay  haviii;^  died  out,  otherwise  the  secti< 
\,MV  tV'»ni  tliat  la^t  dcscrilMMl  ahout  half  way  t^>wards 
«nii    Mt    tlir    trench. 

rii»'  tJiHH-  «»f  the  <l«)ck  itself  is  formed  in  the  *i 
n\rr  a  Imiltc  part  of  its  area,  hut  towards  the  nortl 
ii|»|MM'  lumlder  clay  rises  ahove  this  level.  This  «;ra' 
laiL'eiv  euiil  lihuted  to  the  (>ase  wLth  which  these 
coiiipleitMl,  iju'  llood  watei-  availing  itself  to  h  lar 
tlir   <oiir^e   nt    its   i^lacjal    ju'edeces-sors. 

The  hoiildi-i"  clay  fonnin«^  the*  l)ottom  of  the  sei 
comjiart  stitV  i:rey  elay,  wiili  a  larjLce  numln'r  of  st 
imiildtT^  in  addition  to  the  prevalent  Iwisiilt,  Chevi«»t 
Moinitaiii  Ijiine>toiie.  and  the  usual  rocks  of  the  )x>i 
I  loideriH'-^-.  cxt-epi  that  no  spreiniens  of  Scantiinuviai 
n<»t<'<l.  This  t'act  i^  the  ino/c  reinarkahle  as  in  the  c 
of  I  loIilern»ss  the  lower  thr  hed  tlei  more  nunu*i*o 
dinaxian    r»n-ks    Imm-oihc         This   cliiv    mav    1h*    tdthor 


ALEXANDRA    DOCK    EXTENSION,     HULL. 


•JKIKItlU  NOBTH,  SHOWIDQ  UOVU>KK  CI 


B  OU&  wumk. 


CROFTS  :  NOTES  ON  ALEXANDRA  DOCK  EXTENSION,  HULL.    247 

wn  as  the  "  purple "  or  the  "  basement,"  but  as  there  is 
iderable  diHlculty  in  differentiating  these  clays,  in  the  absence 
hells  or  other  undoubted  feature,  in  so  favourable  a  situation 
observation  as  the  cliffs  of  the  Holderness  coast,  it  is  not 
sable  to  be  too  definite  here. 

The  gravels  overlying  the  lowermost  boulder  clay  are  composed 
cks  of  similar  character  to  the  boulders  in  the  clay,  sometimes 
ied,  sometimes  angular,  often  striated  and  of  distinctly  glacial 
1,  and  at  the  southern  end,  particularly  where  most  developed, 
fied  and  divided  into  thin  beds  by  bands  of  clay,  silt,  sand, 
Therje  beds  dip  about  6"  south  by  east,  and  at  the  southern 
are  capped  by  the  lower  shell  bed.  Towards  the  north  the 
ng  of  the  gravel  becomes  more  regular,  the  constituent 
3les  finer  and  more  compact,  and  the  upper  portion  gradually 
•s  through  bedded  sand  into  a  red  stoneless  clay.  Nearer 
lorthern  end  of  the  trench  the  glacial  beds  above  the  lower 
ler  clay  are  as  follows  : — 


Red  clay 

VTX  Cm  Vt^l             •••                         •••                         •■•                         ••• 

ft. 
5 

3 

in. 
0 

6 

Stiff  grey  chalky  boulder  clay 

4 

0 

Grey  stoneless  clay 

0 

9 

Purple  stoneless  clay    ... 
Rippled  sandy  clay 
Stratified  sand  ... 

0 
2 
2 

9 
0 
0 

The  sand  is  bedded  and  passes  upwards  into  an  interesting 
r:*d  sandy  clay  with  carbonaceous  markings  in  the  ripples, 
i'ipples  are  about  10  in.,  crest  to  crest,  the  trough  between 
being  about  2A  in.  deep,  the  axes  being  about  N.N.E.  ; 
incidence  of  each  overlying  crest  is  not  perfect,  the 
iition  of  each  group  of  layers  developing  on  the  eastern  side 
he  crest,  the  large  number  of  layers  forming  each  group 
'  to  a  considerable  amount  of  time  being  occupied  by  their 
^ition.  This  bed  gradually  passes  upwards,  the  junction  not 
5  of  a  definite  character,  into  the  fine  purple  stoneless  clay, 
wved  by  a  bed  of  similar  clay  and   thickness,   but  of  a  grey 
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colour.  Overlying  these  beds  there  is  boulder  clav  of  co 
thickness,  stiff,  grey  in  colour,  and  containing  a  large  i 
Chalk  l>oul(lers. 

Next  in  the  order  of  succession  is  the  gra 
re<luce<i  to  3  ft.  6  in.  in  thickness,  very  coarse  at  its  I 
fine  pt»bl)les  at  the  top,  stained  black  in  narrow  band 
this  gravel  is  5  ft.  of  the  red  stoneless  clay  with  pas 
of  I  KM  I  (led  sand  between  them.  Along  the  middle  oi 
tliere  is  a  laminate<l  l)and  formed  of  extremely  fine  lav 
biise  of  the  red  clav  rises  towards  the  north  until  it  is 
supplanted  by  the  gravels.  At  its  southern  end  thi 
intrude  into  it,  splitting  it  into  two  beds  before  they 
it  altogetluT. 

Tn  the  south-western  portion  of  the  dock  area,  the  1 
warp  rest<»d  on  the  red  clay  with  the  shell  bed  only  int 
fuitluT  to  the  north,  the  clay  is  capped  with  gravel,  a 
of  ^jlacial  origin,  with  intrusions  into  the  clay,  as  well  a 
loiiticular    ])atches.       This    gravel    has    patche<    of    a    ^ 
gravel    with    peat    fragments    overlying    it    in    place^.     1 
surfaci*    of    thr    clay    is    in    some    places    quite  level,  in 
undulattMl   as    if    the  agency  of    water    had    assisted   in 
the    surface.      The    clay    is   apjmrently   quite    free   from 
is    of    an    cxticnielv    fine    nature,    and    was    no    doubt 
c<)iitcnij>oraneously   with    the  gravels  into   which    it   is  c 
It    v<My  commonly  forms  the   upper   member   of    the  gla 
in    this    locality,   hut    T    do   not   ever   remember   st»eing 
un(l<'r  a  peat  IhhI,  or  wliere  a  j)eAt  bed  has  existed  at  ^ 
as   if   it  was  of  such   an   im{HTsistent   nature   as  to   be 
stand   sub-aerial  denudation    without  the  protection  of  i 
sucli   as  tlie  peat   bed. 

The  upper  lx)ulder  clay  which  underlies  the  i-e<i 
clay  and  gravel,  although  appearing  in  some  places  ( 
colour  and  very  compact,  generally  follows  the  descriptioi 
is  known  as  the  llcssle  clay,  containing  a  large  numljer 
boulders,  having  ashy  coloure<l  joints.  Where  the  red 
clay   is   non-existent  the   upi)er  surface  is  of  a  somewhat 


t 


?    3    #  is    » 

£       ZH   ^t      <  5       §     S!:  ate 

!^  ^  ^a  I  UU 


s 

Jig 


i 


t 

o 
c 


o 
o 


u 

c 


c 


o 
u 

c 
o 

(0 


o 

z 


o 

r 

s 

J 

r 

0 


<j  5  vj 
^  ""  '^ 

<>    ft^    W 


i 


8 

0) 

M) 

c 

o 
o 

1^ 

K 

3 

9 

o 

CO 

^0    S.tO  0) 


r 

o 

c 

o 
o 

O 


m 
«o 

O 
L. 
U 
C8 

c 
o 

ts 


X 


1 

a. 

r 
> 


O 
> 

i 
i 

o 
a. 

■o 
e 

1 


>& 


>  r  -1 


•«   'V- 


r. 


CROFTS  :   NOTES   ON   ALEXANDRA   DOCK   EXTENSION,  HULL.        249 

3,  on  which  the  peat  bed  rests  with  the  roots  of  trees  in 
running  down  into  the  boulder  clay  itself.  This  gravelly 
ig  appears  to  be  the  original  upper  portion  of  this  clay, 
onsists  of  sand  and  rounded  and  angular  fragments  of  the 
^rs  common  to  thLs  clay,  some  of  which  are  so  angular  that 
3an  hardly  have  been  subjected  to  any  attrition  at  all,  and, 
3y  are  often  quite  on  the  top  amongst  the  peaty  fragments, 
cannot  have  subjected  this  capping  very  much  to  its 
bing  influence,  though  the  close  of  the  glacial  period  is 
dly  associated  with  flooding. 

^he  peat  bed,  which  in  the  northern  portion  of  the  dock 
s  the  l)oulder  clay,  further  towards  the  south  rests  upon 
)d  stoneless  clay,  sometimes  having  a  gravelly  capping  as  in 
ise  of   the  boulder  clay. 

i'his  peat  bed  is  similar  in  some  respects  to  that  of  the 
it  meres  of  Holderness.  It  covered  the  whole  of  the  district 
Hull,  reaching  to  Hessle  on  the  west,  where  it  gradually 
away  until  at  last  nothing  but  a  flne  line  marks  the 
on  of  the  boulder  clay  and  warp.  The  peat  here  did  not 
i  further  south  than  about  200  ft.  north  of  the  southern 
3f  the  dock,  and  beyond  this  there  were  no  indications  of 
•oots  having  at  any  time  penetrated  the  underlying  beds, 
he  red  stoneless  clay  at  the  south- east  corner  of  the  dock 
L  considerable  number  of  roots  of  reeds  running  tlirough 
d  in  some  places  its  sandy  base  had  traces  of  the  same 
although  where  the  peat  itself  existed  there  were  but  few 
of    this  character. 

'he  peat  consisted  of  leaves,  bark,  wood,  stumps  of  trees 
in  some  cases,  the  roots  going  down  several  feet  into  the 
I  beds  below.  No  prostrate  trunks  of  any  size  were  noted, 
gh  this  is  a  common  feature  of  this  bed  in  this  neighbour- 
The  oak  {Quercus  pedunculnta)^  cherry  [Prunus  padus), 
and  hazel  were  represented.      Beetles'  wing  cases  were  also 

>ne  of  the  most  instructive  features  of  this  bed  is  the  fact 
its   surface   13  ft.  below  O.D.   is  25  ft.  below  the  level  of 
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H.\V.O.S.T.  Tho  peat  wb«  coverofl  witli  a  ^tiJ^ 
;:('iiLTallr  servin;;  aH  a  matrix,  filling;  up  all 
ii|>]<er  surfnce  almost  perfectly  horizontal  and  \e 
were  rherry  stiiiieK  in  (Miisiilerable  <]uantitv. 
jierftft  flii-rrit'K  {/'riiiiin  fiintiii')  were  found  pirst 
At  a  (Hiint  near  t)i<-  nurth-ucsteru  iiii){]e  of  ij 
lillcl  up  II  cl.'piwsion  in  tlie  underlying  h-il 
siirfiiir,  iiiid  towiinU  the  northern  edjK-  of  tlif  il 
of  Niiiidl  pieivH  of  clmrconl  wax  found,  but  an 
M-areh  ifVt-iiUil  no  Iithts  of    human  ajrencv. 

The  two  hIu'II   lietU,  u.s  hcfore  hUImI,  at   the 
till-  iliH'k,  n-ft  on  the  ;:ravelH,  and    are  sejwrat' 

I  fi.  i>  ins.  in  thickness  :  but  towards  the  iiort 
t'lfiduiilly  dies  out,  and  jp.'nernlly  there  is  but  or 
■  ■1'  iliv  iLiiui  over  Ihe  peat  be<l,  the  shells  fonnir 
uti  ir<  surfiu-c.  hut  in  some  jilaces  penetratiny  i 
ciiii'k^.  This  sujifiosts  that  the  clay  had  been  ■ 
diii'ii  licfor.'  til-'  waters  of  the  estuarj-  fonne<l 
tthi.-h  is  iiidii-iited  by  the  larfje  numbiT  of  sina 
ihi-  fiii't  that  l>oth  valves  are  often  intai 
r.-ptv^iUed  w.iT  r,„rli„m  ^,liih,  T^IUu.i  ,.,Ji,l 
lil/i- iiil-i.  I'tririiliiH  ohliiMiiit,  RiKmHi  iilni,  l.ifliiriiii 
„/.li->„f,:  .\/.,fi/>i^  .■'/»/,>.  /'A../..S  r,u,fl!a.,,  and  . 
til.'  livr  lattiT  liuvi'  not  iKt'H  reeonlw!  tx'foiv 
this  li.d.  The  lower  Iwii  in  places  consisted  i 
S:;yliir,i!.iri-i  jii i:rr-ii<'  packed  closely  together. 

(Kci-    till'    slifll    iH'd    ihe    Humljer    wnrp   cr 
l.ut    frotii  thf  crriire  of    the  dock,  thickcninj:  t. 

II  liniiiriiittil  Mitid  s.'pjinilcs  them,  the  upjjei 
;:riirluidty  jiiisses  into  tin-  warji.  The  warp  itse 
iilternuie  ri^-  in>d  fiUI  of  ihe  tidal  river  Hum 
col<.ur.  diii'k  uheij  .l;inip  ;iiid  li^'htfir  when  dry 
Irein.-Iy  tirii-  hiyci-s.  em-h  consistin;;  of  the  sand  a 
ihi'  siiiid  of  coursi'  Is'iii^i  heuvier  and  fonnin^  tl 
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[oldemess  Cliffs,  together  with  detritus  brought  down  the 
flowing  into  the  Humber,  it  is  advisable  to  suspend  judgment 
a  series  of  exhaustive  experiments  put  the  matter  beyond 
e.  This  warp  is  of  course  identical  in  composition  with  the 
low  in  course  of  formation  along  the  shores  of  the  Humber. 
here  is  evidence  of  a  dip  in  the  Chalk  underlying  the 
b,  corresponding  with  the  basin  of  the  river  Hull,  and  the 
t  chalk  cliffs  may  passibly  be  east  of  the  river.  The  glacial 
:.s  extend  from  the  sea  on  the  east,  on  to  the  edge  of  the 
on    the   west,   the   depression   in    the   valley   of   the   Hull 

filled  with  the  warp.  The  glacial  gravels  bear  a  strong 
fiance  to  those  adjoining  the  ancient  meres  of   Holderness, 

do  not  contain  fossil  shells,  and  have  the  appearance  of 
Formed  in  a  similar  manner. 

here  is  a  gravelly  bed  extending  over  a  great  part  of 
-ness  between  the  lx)ulder  clays  known  as  the  "  purple  '* 
'  Hessle,"    filling    channels    of    varying    depth    in    the    so- 

** purple"  clay,  the  ancient  mere  beds  being  apparently 
irge  channels  along  which  at  one  time  strong  currents  have 
,   the  percolation   water  deepening  the  channel   and    letting 

the  gravels.  The  *'  purple "  clay  where  the  gravels  are 
developed  is  generally  attenuated,  and  sometimes  missing 
her,  so  that  this  bed  may  fairly  be  connected  with  that 
n.  I  am  inclined  to  think  that  as  the  Kelsey  Hill  gravels 
•  a  similar  position  between  the  "Hessle"  and  "purple" 
they  belong  to  the  same  period  as  this  great  gravel  bed, 
lat  the  presence  or  absence  of  shells  is  due  to  the  position 
old  beach  from  which  they  are  probably  derived.  These 
4  are  well  exhibited  in  the  excellent  coast  sections. 
he  peat  l>ed,  although  now  13  ft.  below  high  water  level 
inary  spring  tides,  nmst  at  one  time  have  been  above  the 
vater  level,  when  the  physical  appearance  of  the  district 
have  considerably  differed  from  its  present  aspect,  but 
teresting  field  this  opens  out  can  scarcely  be  touched  upon 

Take  one  point  alone :  the  Humber  channel  at  the  present 
s  of  no  great  depth  in  places,  and  I   am  inclined  to  think 
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that  from  the  shape  of  its  preglacial  mouth  its  course  past 
is  not  extremely  ancient.  Off  the  Ferribys  there  is  a  < 
boukler  clay  which  appears  to  be  the  remains  of  a  moraine 
no  doubt  at  one  time  dammed  the  Humber  waters 
a  considerable  task  at  the  present  time,  but  granted  a  high 
level  of  only  30  ft.  lower  than  at  present,  the  section: 
exhibited  suggest  a  bank  more  than  equal   to  such  a  task 

The  perfect  preservation  of  the  cherries  found  in  the 
overlying  the  peat  bed  seems  to  suggest  that  a  flood  oe 
when  the  cherries  were  ripening  on  the  trees.  The  level  s 
of  the  marl  with  the  shells  from  the  bed  above  penetratin 
small  crevices  may  suggest  that  the  surface  was  dried 
the  subsequent  final  inundation,  which  took  place,  so  far  i 
be  read  by  the  method  of  deposition  of  the  warp,  tl 
a  gradual  subsidence. 

With  regard  to  the  pieces  of  charcoal,  an  occurrence 
had  a  parallel  in  the  Albert  Docks  on  the  west  of  th< 
(in  fact  the  two  sections  strongly  resemble  one  another' 
traces  of  human  agency  were  exhibited,  and  Dr.  Jessen,  c 
Danish  Geological  Survey,  informs  me  that  charcoal 
common  occurrence  in  the  peat  beds  of  Denmark,  and  d 
natural    ignition. 

The  North  Eastern  and  Hull  and  Barnsley  Railwayi 
template  the  construction  of  a  large  dock  to  the  east  c 
works  described  in  this  paper,  and  it  is  to  be  hoped  tha 
sections  will,  in  connection  with  the  Albert  Dock  and 
works,  assist  to  complete  the  record  of  the  strata  under  th 
of    Hull. 

I   have   to  thank   Mr.    R.   Pawley,  C.E.,  the  engineer 
Hull    and    Barnslev    Railway    and    Dock    Co.,    and    Mr.  « 
Stather,  F.G.S.,  for  assistance  in  getting  these  notes  togethe 
Mr.   W.  8.   Parrish,  for    assistance    with    the   photographs. 

•  Notes  on   the   Drifts  of    the   Humber  Gap.      J.    W.   Stather, 
Proc.  Yorks.  Geol.  and  Poly  tec.  Soc.,  Vol.  xiii.,  Part  II.     1896. 

t  Albert  Dock,   Hull.     J.   C.    Hawkshaw,  F.G.S.,   Q.J.G.S.,  Vo 
1871. 
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NOTES    ON   THE   OCCUBRENCE   OP   THE    ADWALTON   STONE   COAL 

A^D   THE   HALIFAX   HARD   COAL. 

BT  THEODORE   ASHLEY. 

(Bead  N&oemher  8<A,  1900.) 

At  the  meeting  of  the  British  Association  at  Bradford  in 
September,  1900,  a  discussion  was  held  with  regard  to  the  con- 
litions  under  which  coal  was  formed.  It  was  suggested  to  the 
irriter  by  Mr.  Percy  F.  Kendall,  F.G.S.,  that  it  would  be  useful 
o  put  on  record  all  the  facts  which  could  be  ascertained  with 
eference  to  some  definite  seam  or  scams.  In  accordance  with 
his  suggestion  the  following  details  have  been  compiled,  partly 
rom  information  collected  by  the  writer  and  partly  from  the 
ecords  published  by  the  Geological  Survey. 

The  seams  of  which  a  description  is  given  are  those  known  as 

(1)  The  Ad  Walton  Stone  or  Cannel  Coal. 

(2)  The  Halifax  Hard  Bed  Coal. 

?hese  two  seams  were  chosen  as  being  the  most  diflferent  from  each 
ther  in  character  of  any  in  the  north  of  the  Yorkshire  Coal  Field, 
.nd  at  the  same  time  as  being  thoroughly  representative  of  their 
espective  types.  It  is  not  proposed  to  deal  in  any  way  with 
heir  chemical  composition  or  their  commercial  value,  but  simply 
o  give  such  facts  regarding  their  occurrence  as  bear  on  the 
onditions  of  their  formation. 

(1)  The  Adwalton  Stone  or  Cannel  Coal  is  found,  as  its 
tame  suggests,  at  the  village  of  Adwalton,  which  lies  about 
\\  miles  to  the  south-west  of  Leeds.  It  is  not,  however,  here 
hat  it  attains  its  greatest  thickness.  It  occurs  in  the  Middle 
yoal  Measures  lying  about  130  yards  above  the  Blocking  or 
lilkstone  seam,  which  is  recognised  as  the  dividing  line  between 
he  Lower  and  Middle  Coal  Measures,  and  underlies  an  area 
•ounded  on  the  north  by  the  village  of  Middleton,  situated 
bout  a  couple  of  miles  to  the  south  of   Leeds,  on  the  south  by 
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a  line  a  few  miles  south  of  Thornhill,  and  on  the  west  bv  iu 
outcrop  near  Birstall.  Its  boundary  on  the  east  is  referre<l  to 
later. 

Upon  reference  to  Plate  XLV.,  which  is  taken  from  i\it 
(jleolo;^ical  Survey  Map  on  the  scale  of  one  inch  to  the  mile, 
it  is  first  seen  on  the  north,  just  north  of  Middleton  ;  it  cmi^ 
out  alon^j:  the  hill-side.  Going  west  from  Middleton,  a  }«air  oi 
faults  is  uict  with  throwing  the  seam  down,  and  on  the  far  sidt 
a  small  oultier  occurs.  A  large  fault,  running  in  a  south-eastern 
cIirt*ction,  half-a-raile  to  the  north  of  Morley  Main  Collieries, 
tlirows  the  Middle  Coal  Measures  against  the  Lower  series. 
Further  west,  it  again  crops  out  on  the  hillsides  in  the  neiu'h 
bourhcKKJ  of  the  village  of  Adwalton.  To  the  south  smali 
oultiers  occur  west  of  the  main  body,  formed  by  a  complicated 
scries  of  faults.  A  large  fault,  running  east  and  west  in  the 
vicinity  of  Batley,  again  throws  the  seam  out,  anti  it  is  next  met 
with  on  tlie  eastern  side  of  the  vallev  betwi?en  Batlev  ami 
Dowsburv.  To  the  south  a  complicated  system  of  faultin;: 
occurs,    making   the  outcrop   very  difficult  to    trace. 

Thick lU'ss  of  the  Seam.  At  Middleton,  on  the  nortliem 
outcrop,  it  is  only  li  inches  thick,  at  Morley  5  inches,  at  GiMer- 
some  \^\  inches,  tliinning  down  to  6  inches  at  Adwalton.  To 
the  east  of  Midflleton,  there  is  evidence  that  the  cannel  in  trie 
scam  (lies  out,  its  place  being  taken  by  an  inferior  coal :  f'»r 
instance,  at  Kothwcll  Ifaigh  Colliery  no  cannel  is  found,  ami 
still  further  to  tlie  north-east  the  ordinarv  coal  in  the  >eam 
seems  to  liavc  deteriorated,  for  at  Woodlesford  a  seam  of  "bail 
coal "  is  found  on  the  same  horizon,  after  which  it  disappears 
altogether. 

Jn  the  ncii'hbourhood  of  Batlev  various  tliicknesses  are  met 
with,  all  greater  than  are  found  in  the  north,  the  greatest  thick- 
ness being  at  Staincliffe  and  at  Clark  Green,  where  it  is  prove'I 
16   inches   thick. 

Passing  southwards,  it  is  11  inches  thick  at  Dewsburv  Bank 
Colliery  and  at  Briestfield,  varving  a  few  inches  between  these 
points. 
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In  the  extreme  south,  as  in  the  north,  it  gradually  thins 
>at,  the  cannel  being  replaced  by  ordinary  coal.  This  is  proved 
kt  various  collieries  —  Overton,  Grange  Moor,  and  Prince  of 
Wales* — where  the  seam  is  known  as  the  Flock  ton  Thick  Coal, 
'having  a  thickness  of  about  3  feet  6  inches,  divided  by  a  bed 
>f  shale  of  varying  thickness. 

On  the  east,  unfortunately,  it  has  only  been  proved  to  a  small 
extent,  owing  to  the  dip  of  the  measures  in  this  direction,  whereby 
i^he  se^m  is  overlaid  by  newer  beds  and  runs  deeper  than  any 
existing  pits ;  but  at  the  two  most  easterly  points  where  it  has 
3een  proved,  viz.,  at  East  Ardsley  Colliery  on  the  north,  and  on 
s>he  scjuth  at  Hartley  Bank  Colliery  (west  of  Horbury)  it  is 
r^espectively  3   inches  and   4   inches   thick. 

It  will  thus  be  seen  that  both  on  the  north  and  south  there 
L«  actual  evidence  of  the  cannel  having  altogether  died  away, 
::^nd  on  the  east  the  evidence  is  strongly  in  favour  of  the  same 
bhing  having  taken   })lace. 

Plate  XLVI.  represents  horizontal  sections  of  the  seam, 
>vhich  show  very  clearly  the  thinning  out  and  the  variable 
thickness  of  the  bed.  The  horizontal  scale  is  a  half  inch 
to   the  mile,   tlie  vertical   scale   being  a  half  inch   to  the  foot. 

Fig.  1  is  a  section  running  north  and  south,  starting  at 
Briestfield  with  the  cannel  11  inches  thick,  from  which  point  it 
gradually  thins  down  to  5  inches  at  Morley,  the  furthest  point 
north  on  this  line  that  I  have  any  information  about.  The 
coal  is  then  cut  off  by  the  large  fault  bringing  in  the  Lower 
Coal    ^kleasures. 

Fig.  2  runs  from  Adwalton  on  the  west,  showing  a  gradual 
thickening  until  Tingley  is  reached,  from  which  point  it  again 
thins  down   to   East  Ardsley,   where  it  is  only  3   inches  thick. 

Fig.  3,  section  running  approximately  east  and  west  and 
showing  the  greatest  recorded  thickness  at  Staincliffe  (16  inches). 
From  Staincliffe  it  gradually  thins  down  to  East  Ardsley,  where 
it   is   only  3  inches. 

The  extent  of  the  coal  on  the  south  is  so  small  that  it  has 
not  been  possible  to  draw  any  section  east  and  west  through   it. 
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Of  course,  as  ^ill  be  seen,  the  vertical  sc&le  of  the  aectio 
is  very  much  exaggerated ;  this  is  done  in  order  to  show  t 
variation  in  the  thicknesses.  Only  the  top  bed  of  the  sea 
which   is  invariahlv  cannel  coal,   is   sliown. 

Underlying  Strata,  It  is  interesting  to  note  the  str 
underlying  this  bed  of  cannel. 

The  area  over  which  this  coal  extends,  as  shown  on  the  p! 
does    not   indicate   that   the   seam  does   not    exist  further  to 
south   and   east,  but   only  that   the  cannel    bed   found  over 
area   ceases.      The    Flockton   Thick    Coal    into   which,  as  I  fc 
already  stated,   it   gradually  passes,    is   supposed   to  exist  on 
cast,  and  is  known  to  do  so  along  its  outcrop  on  the  .south, 
owing   to   the   dip   of   the    measures    it    has    never    been  pn 
further   east    than  at  the  two  points   East   Ardsley  and  Hu 
Bank  Colliery. 

On  the  south  the  section  of  the  whole  seam  is,  at  Bunl 
Hill  Colliery,  Stone  Coal   10  inches,  Brown  Stone  2  inches. 
Coal    10  inches,  Dirt   1   foot   10  inches,    Coal    1    foot. 

At  Thornhill  the  section  Ls: — Stone  Coal  1  foot,  Meas 
6   feet,  Coal    1    foot. 

At   Dewsbury   Bank   the   shale   between    the    two   coals 
decreased   to  alx)ut   2  feet. 

It  will  thus  be  seen  that,  except  on  the  south,  there  ii 
Middle  Coal  ;  further  north,  however,  there  are,  as  a  rule,  t) 
lx»ds  of  coal  with  thin  partings  between ;  tlie  top  one  is  invaru 
cannel,  the  other  two  bright  coal,  although  at  Howley  I 
and  adjacent  collieries  underneath  the  Middle  Bed,  which  is  < 
2  inches  thick,  there  is  found  a  bed  of  inferior  cannel  knowi 
**  Hubbs." 

Thus  it  would  appear  that,  as  the  cannel  increases  in  th 
ness,  the  so-called  Middle  Coal  thins  out,  and  the  writer  sugg 
that  the  cannel  thickens  at  the  expense  of  the  bright  c 
At  Morley  Main  Colliery  the  Bottom  Coal  is  composed  of  can 
and  in  some  parts  of  the  mine  at  Tingley  all  three  seams 
found  lying  together  without  any  dirt  partings,  both  top 
bottom   coals  being  cannel.     The  top  coal  is  5   inches  thick 
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bottom  3  inches.     In   other  parts  of  this   mine   the  cannel 
is  found   10  inches  thick. 

At  East  Ardslej  the  cannel  is  underlaid  by  bright  coal  2  feet 
k,  there  being  no  parting  between  them,  the  bottom  half  of 
ordinary  coal  being  inferior.  This  corresponds  very  nearly 
he  section  found  at  Hartley  Bank  Colliery,  the  bright  coal 
e  being  1  foot  10  inches  thick. 

Isolated  patches  of  cannel  are  found  in  the  south  as  well  as 
lie  north,  as  at  Kirby,  whlBre  a  cannel  is  met  with  on  the  top 
be  Flockton  Thick  Coal  4  inches  to  5  inches  thick,  and  further 
h  still  at  Hoyland  Silkstone  a  cannel  coal  is  found  above 
Flockton  10  inches  thick.  Other  instances  could  be  given. 
Overlying  Strata,  The  roof  over  the  cannel  coal  is  always  of 
same  character,  and  is  composed  of  from  1  to  2  feet  of  black 
'    containing  few   traces  of  animal   life. 

-A-bove  this  shale  is  a  stratum  10  inches  to  1  foot  thick, 
times  running  thicker,  which  is  crowded  with  the  shells  of 
r'ticosia.  Above  this  shell  bed  are  about  20  feet  of  bluish- 
5  shales  containing  several  layers  of  ironstone  nodules.  Shells 
rtthracosia  are  common  in  the  ironstone  but  do  not  occur  in 
iliale. 

I*his  band  of  ironstone  nodules  is  found  overlying  the  Flockton 
c  Coal,  north  of  Sheffield,  where  it  has  been  extensively 
ed.  It  has  also  been  worked  at  West  Ardsley,  where  it 
ly  resembles  that  of  the  south.  To  the  north,  however, 
5  with  the  disappearance  of  both  the  cannel  and  the  under- 
l  coals,  the  ironstone  measures  die  away. 
The  cannel  itself  contains  very  numerous  remains  of  fishes 
he  form  of  scales,  plates,  and  spines ;  also  very  numerous 
lins  of  a  small  animal  belonging  to  the  group  Ostracoda. 
I  is  in  marked  contrast  to  any  case  of  bright  coal,  and  indeed 
lins  of  marine  animals  have  never  been  found  in  any  true  coal. 
(2)  The  Halifax  Hard  Bed  Coal. — The  Halifax  Hard  Bed 
I  along  with  the  Halifax  Soft  Bed  Coal  lying  a  short  distance 
w,  and  more  generally  known  as  the  "Canister  Coals,"  are 
lowest  seams  of  the  Lower  Coal  Measures. 
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The  Hard  Coal  extends  from  the  neighbourhood  of  Shipier 
right  along  the  western  edge  of  the  coalfield  through  Halifai. 
Huddersfield,  Penistone,  and,  although  not  shown  on  the  map 
(Plate  XLVII.),  the  seam  is  known  to  exist  right  to  the  s(»ut!iern 
extremity  of   the  coalfield  near  Nottingham. 

TkicknesH  of  the  Seam,  On  the  plan  (Plate  XLVII.  j.  ih? 
points  where  the  bed  has  been  proved  are  shown,  the  thickness 
of  the  seam  being  given.  It  has  only  been  worked  at  and  nedr 
its  outcrop  on  account  of  the  increasing  depth  to  the  east,  the 
measures  dipping  in  that  direction. 

Starting  at  a  point  about  six  miles  north  of  Sheffield,  the 
seam  is  found  2  feet  3  inches  thick.  Going  north,  it  varit^^  in 
thickness  a  few  inches  only,  until  New  Mills  is  reached,  wht-rt- 
it  is  found  only  1  foot  6  inches  thick.  It,  however,  soon  thickeri> 
out  at  Huddersfield,  averaging  about  2  feet  3  inches,  this  thick 
ness  being  maintained  until  Queensbury,  on  the  north  >idf  'f 
Halifax,   is    reached. 

Tt  thins  out  somewhat  to  the  north  and  is  found  in  ouihinu' 
patches  brouij:ht  in   by   faults,   as  at  Baildon    and    liawdon. 

North   of   Leeds   it  is  found  only   a  few    inches   thick. 

Cuibrhfimj  Strata,  The  floor  underlying  this  seam  is,  exi-rrit 
in  tiie  neighbourhood  of  Queensbury,  a  hard  ganister,  cunsistin-: 
almost  entirely   of  silica. 

Underneath  this  ganister  a  bed  of  fireclaj^  is  generallv  founii. 
in   some  places   worked  extensively.     North    of   Queensburv.  ho- 
ever,  the  fireclay  is  found  immediately  under  the  coal. 

Ovprlywtj  Stratti.  The  roof  is  a  shale  full  of  Aviculoffdrr 
pajti/ra(r(ii<j  Gon'iatxfes^  and  other  marine  fossils.  Plate  XLVII  I.  i; 
a  section  of  the  coal  along  its  outcrop,  which  runs  approximat*^ly 
north  and  south,  an<l  is  drawn  on  the  same  scale  as  that  of  the 
oannel   coal   (Plate   XLVL), 

COMPARISON     OF     THE    TWO     SEAMS. 

Upon  comparing  the  two  seams,  it  will  be  noticed  the  thick- 
ness of  the  Halifax  Hard  Coal  as  compared  to  the  cannel  cvaI 
is   extremely    uniform.      The   length  of   the    section  of   the   Hani 


2: 


ASHLEY:   NOTES   ON   ADW ALTON   AND   HALIFAX   COAL. 


259 


>wn  ia  about  36   mUes,  while  the  longest  section  running 

agt't  milfts- 


ON    ( 


4 


/ 


tf 


X* 


/ 


*• 


N 


idy  stated,  of  nearly  pure  silica,  there  being  an  almost  entire 
nee  of  potash  and  iron.      It  is  penetrated   in   all   directions 


II 


ASHLEY  :    NOTES   ON    ADWALTON   AND    HALIFAX    COAL.  259 

shown  is  about   36    miles,  while   the  longest  section  running 

uf^h  the  cannel  coal  is  only  about  eight  miles. 

"While  the  roof  of  the  cannel  coal  and  the  Hard  Coal  are  alike 

much  as  over  the  area  traced  they  both  contain  marine  fossils, 

floor  of  the  Hard  Coal  is  always  practically  the  same,  whereas 

floor  of  the  cannel  coal   varies  exceedingly,   being  sometimes 

le   and    sometimes  bright  coal.     Furthermore,   as  already  indi- 

,  the  marine  organisms  are  found  actually  embedded  in  the 

xinel,  which  is  not  the  case  in  the  Hard  Bed. 

The   cannel   coal   occurs   in    the   form  of   a  lenticular  patch, 
ing   its   greatest   thickness   in    the    neighbourhood   of   Batley, 
thinning   out    north,    south,   and   east.     Unfortunately,   it   is 
possible    to   say    what   takes   place   to   the   west,    as    the    seam 
^^■^ps  out  about  two  miles   west  of  Batley. 

The    Hard    Bed,   on   the  contrary,  is  not  lenticular  in   form, 
d  is  much  more  constant  in  thickness. 

The  cannel  coal  contains  a  high  percentage  of  mineral 
atter,  and  also  numerous  remains  of  marine  organisms,  all  of 
hich  are  quite  consistent  with  the  view  that  it  is  a  deposit 
drifted  material  laid  down  in  shallow  water,  and  the  fact  that 
never  has  a  definite  under-clay  or  other  bed  which  would  have 
Oeen  likely  to  serve  as  a  floor  on  which  the  vegetation  of  which 
it  is  composed  could  have  grown,  there  seems  to  be  little  doubt 
t»hat   it   is  actual Iv   a  drift  coal. 

The  Hard  Bed,  on  the  other  hand,  contains  a  percentage  of 
mineral  matter  so  low  as  to  be  quite  inconsistent  with  the  drift- 
wood theory,  since  the  currents  which  carried  the  vegetable 
matter  would  in  all  probability  have  carried  also  sand,  or  at  all 
events  fine  silt.  This  silt,  on  being  deposited,  would  of  course 
largely  increase  the  percentage  of  mineral   matter. 

The  coal  is  so  constant  in  thickness  over  such  a  wide  area 
that  it  seems  impossible  to  attribute  it  to  deposition  in  shallow 
water. 

The  ganister  upon  which  the  Hard  Coal  rests  consists,  as 
already  stated,  of  nearly  pure  silica,  there  being  an  almost  entire 
absence  of  potash   and  iron.       It   is  penetrated   in   all    directions 
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by  roots  and  rootlets  which  are  in  all  probability  those  of  the 
plants  whose  dead  tissues  formed  the  coal.  The  ganister  i%  b 
fact,  a  sandv  soil  which  has  been  exhausted  bv  the  removal  d  it» 
iron   and   potash  salts  by   the  plants   which   grew  upon  it 

Tliese  two  seams  furnish  examples  of  coal  of  widely  differenl 
origin,  and  while  the  "  driftwood  "  theory  is  probably  correct  in 
the  case  of  the  cannel  it  cannot  be  accepted  in  that  <rf  tk 
Hard    Bed. 

Some  of  the  sections  are  taken  from  the  memoir  of  tbe 
Geological  Survey  on  the  Yorkshire  Coal  Field,  others  baiij 
obtained  from  information  kindly  given  by  Mr.  Walter  RorW, 
P\G.S.  The  writer  wishes  to  express  his  sincere  thanks  for  the 
valuable  suggestions  and  help  received  from  Mr.  A.  R.  Dwerrrhoose, 
B.Sc,   F.G.S. 
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5n  Aemoriam. 

WALTER    PERCY    SLADEN,    F.L.8.,    F.G.S.,    F.Z.8. 

BORN   AT   MEBRCLOUOH    HOUSE,  HALIFAX,  YORKSHIRE,  90TH   JUNK,  1849  ; 
DIED    AT   FLORENCE,  ITALY,   llTH   JUNE,  1900. 

n  his  prime,  endowed  with  rich  mental  gifts,  a  refined  and 

e  nature,  happy  in  his  family  life,  beloved  of   his  friends, 

tted  by  all  who  knew  him,  bountifully  favoured  by  fortune, 

abundant  and  precious  material  collected  together  sufficient 

»r8  of  scientific  research — suddenly,  the  bright  light  of  his 

»  was  extinguished  at  Florence,  on  11th  June,  1900. 

Ve,   who  held  him  so  dear,  have  in  the  death  of  W.  Percy 

1    to    mourn    the    loss     of    the    most    brilliant    and    most 

sing  of  our  little  circle  of   Yorkshire  naturalists. 

^n  appreciative  and  able  memoir  appeared  in  Mature  of  12th 

1900,  from  the  pen  of  his  friend  Dr.  G.  B.  Howes.  It  is 
we  can  add   to   that   memoir ;  perhaps,  however,  something 

may    be    said    as    to    his    earlier    years    with    which    his 
guished  southern  friends  were  less  acquainted, 
n  the  sixties  and  early  seventies,   several    ardent   lovers  of 
re  met  together  from  time  to  time  at  the  Halifax  Museum, 
at   each    other's   residences,    to   compare   notes,    to   exchange 

and  to  discuss  Evolution,  the  origin  of  species,  the  work 
irwin,  Huxley,  and  Tyndall,  which  at  that  day  engaged  the 
ion  of  the  scientific  world  ;  but  not  content  with  mere 
sion,  material  for  study  was  obtained,  and  under  the  skilled 
ction  of  the  late  A.  Campbell  (curator  to  the  Halifax 
im,  and  ono  time  assistant  to  Professor  Jamieson,  of 
urgh),  dissections  were  made  and  skeletons  prepared  of 
parrots,  snakes,  crocodiles,  fishes,  and  other  animals,  and 
ctical  acquaintance  with  type-structures  acquired.  Tlie 
lens  in  the  Museum  were  compared  with  fossil  forms ; 
rig  excursions  were  made  by  the  friends  conjointly  or 
tely    (tj   investigate  marine  forms,   especially  invertebrates) 
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to  'IVuhy,  Milfnnl  Havon,  tlie  CuiiiV>raes,  Ptwtru^h,  Belfast  iW^ 
Wt'vinontli.  ami  llu'  [sic  of  Man.  Some  memljers  ot  rho  liii- 
tiatornity  in>sst*.ss»Ml  lirst  class  niicroscoj>o.s,  and  so  hi>t'ilo;rv  ir^. 
iiiioro  origan isiiis  wt»n»  not  ne^rlectoil  :  in  all  this  ilelii'litful  ar.. 
liaj)|»y  work  t'vory  month  ha<]  its  <iisoovery  where  all  wa^  w^ 
an<l  iioiio  was  more  diliixent,  none  expi-essecl  clearer  idifas  n.-fc 
stinli»Mi  tilt'  foHMi^'ii  literature  relative  to  his  work  m«»re  entiiu?. 
a^licallv  or   more   lu-ofitablv   than    Perev    Sladen. 

As   a    hoy  Slarlen    was   i»layfiilly    dubbed    by   his  sciujoMr-. 
'Mlie  Astronomer  Koval  :"  indeed  he   was  alwav8  an  or'^aniser  .vj 
a    leader.       Vor    many    years    his     motto    might    well   have   w^t 
'•  S.,mi-tliini:  of  evervthin«j:/'  until    he  finally  abided  to  it  *•  Even 
thinir   of  somrthinu'.  '     When    Mr.    Carruthers   lectured  befor*- li 
local     Litriary    and     Philosophieal     Society     on     the    iiiicriwsi.: 
stnniure   of    the  plants  of    the   Coal    Measurers,   it   was  our  fn-r- 
wli.>   prepared   seetions,   with    tlie  aid    of   an   old    saw   and  a  vi- 
«.f   stoiie,    to   the   re«|uirod   thinness,    and    then    denionstratoii  :l'-;r 
\ei:eial»le    anatomy:    it    was    he    who    first     introduced   us  tn  T.- 
i^f-aptolito  and  entomostraca  of  the  Palaeozoic  rocks,  and  exi-kiiv 
the  toiaininifera  and  polycystina  from   deep  sea  dred*nn!r.>;  i:  »v 
he    who,    MJoiii;    with    his    intimate     friend     Mr.     John    Stulji-ir-. 
K.K..M.S.,     tiiM     explained     to     us     the     niceities     of    niionjs..-'V 
illiiininaiion<.  aji<l    taught    us    to    prepai-e    and    mount    in iorv-^ ';■'■' 

Ni\rr  to  he  forgotten  is  a  visit  to  Tenbw  wlien  fur  trw- tiN 
time  the  eireiilat  ion  in  asci<lians  (Clnrf^Hiita)  was  i>r«»st»nte«l  r-'-:- 
woFKlrrin-j  eye>.  Charmed  with  Sladen's  l.»eautiful  sketch*.'>  km'S' 
on  thr  >|»  •!,  ;in<l  with  his  description  «if  the  struelun-  "'• 
<lemon<trateil.  \\r  huiig  o\er  the  instrument  until  the  earlv  li«'..'« 
"t"  u.iwri.  it  i-  piohabh"  that  his  observations  on  the  ah-.;:i'M*- 
m;itrrial  eolN't-iril  at  Tenhy  ami  at  -Milford  Haven  der»Ti!.:i:'- 
hi--  si'|,TtioM  «»f  the  Krhinodernuita  as  the  gri.»un  alxiur  wl.i- j  : 
<lelennined    to   kiujw   r\ervt hini^   <»f  s<.)methin"'. 

I'he  >tai'  tish.  sra   ureinns,  and  oj)hiuricls  were  found  pien:  tu.- 
both    as    to    specie^    and    >p^*.*imens  ;    many     interesting    (in*-!::? 
were   raised    and    (HseusM'd    respectiiii;  the   sti-netun*   and   fuin.::  :• 


J'rve.  Tm-t*.  Oeol.  and  Polite.  Soe.,  Fol.  XIV.,  Plat*  XLIX.. 
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these  interesting  creatures,  and  the  foundation  laid  of  his 
ure  extensive  and  minute  knowledge  of  the  group.  The  steady, 
iet  work  of  this  and  following  years  was  a  real  preparation  for 
5  production  of  his  magnum  opus  on  the  Challenger  Asteroidea^ 
lich  secured  for  liira  a  foremost  place  among  echinodermists  of 
3  world. 

It  1ms  been  said  that  he  never  attended  a  regular  academic 
irse  of  instruction  on  the  branch  of  science  in  which  he  became 
linent  ;  that  is  also  true  of  many  of  the  most  eminent  men  of 
8ry  place  and  age ;  but  he  learned  his  lesson  in  the  true 
iversity,  that  of  Nature,  and  not  only  knew  the  dry  bones  of 
I  subject  but  also,  what  is  not  so  common,  he  knew  the 
ucture,  habits,  and  habitats  of  the  subjects  of  his  loving 
idy.  Nor  were  preliminary  and  auxiliary  studies  wanting :  his 
ictical  acquaintance  with  chemistr}^  botany,  zoology,  and 
idern  languages  was  more  than  elementary,  and  his  skill  in 
croscopic  manipulation  and  drawing  was  great. 

Percy  Sladen  came  of  an  old  Yorkshire  family  whiqh  for 
nerations  was  associated  with  tlie  Halifax  district ;  in  his 
tive  town  he  was  held  in  great  respect,  and  held  several 
nourable  scientific  positions.  The  Halifax  Literary  and  Philo- 
phical  Society  found  in  him  a  most  efficient  secretary;  he  was 
nnected  intimately  with  the  Halifax  Scientific  Society  (mainly 
jnded  through  the  instrumentality  of  Dr.  Sollas,  F.R.S.,  of 
:ford),  and  rendered  valuable  scientific  service  as  an  honorary 
*ator  of  the  Halifax  Museum.      In  all   the   work   he  undertook 

acquired  tlie  character  and  reputation  of  being  painstaking, 
I'ough,  and  always  reliable;  superficiality  and  pretence  he 
a.3\s  detest^.  A  Fellow  of  the  Geological,  Zoological,  and 
•^iiean  Societies  of  London,  he  was  for  ten  years  secretary 
t-lie  last  named  society,  and  for  some  time  held  the  post  of 
•-president,  whilst  for  eighteen  years  he  acted  as  the  British 
^>ciation  Committee's  secretary  to  the  Zoological  Station  at 
^les. 

In  the  year   1877  his  studies  extended  further  afield,   when 

■j)aid    a    visit    of    some    months'    duration    to    the    celebrated 
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ZcKilo;;ical    Station   at    Naples,    where    he    was    much  encoonaw 
by   tlu'  livtOy  sympathy  of  its  brilliant  head.   Dr.  Aiitun  Iiofam 
niliwiitlv   lie  collected   the   marine  fauna   of   the   ATedittmnett 
and  i^rft»cte<i  his  methods  of  preserving  and  investigatin::iDime 
or«ianisnis,    and    thus    became    specially    fitted    for    the  fwt  </ 
secretary   of    the    British    Association   Committee,  and  to  npa 
on    tlie   work    done   at    the   station.     In    this   vear,  too,  we  W 
liim,  in  conjunction  with  his  friend  Professor  P.  Martin  Dnnai 
M.B.,    F.R.8.,   publishing   the   results   of   his   examiDation  rf  tip 
EchiiuMlermata   collected    by    the    Arctic    expedition  liilU,  U- 
IowihI  by  further  papers  on  the  Echinoderms  collected  bvCkptoi 
Sir  (J.  S.  Nares'  expedition  to  the  Polar  Seas,  and  on  the  Edii* 
(lerins  of  tlie  Arctic  Sea  of  West  Greenland. 

In  1878  his  lirst  paj.>er  appeared  in  the  Proceedings  of  lit 
Knyal  Society  for  tliat  year.  It  was  on  Astrophiura^  9^  ntt  im 
remarkable  creature,  which  in  the  following  year  was  deanW 
by  liini  in  tlie  Annals  and  Magazine  of  Natural  History  and  i 
the  ZcM)logisohe  Anzeiger.  In  1878  his  fii-st  communication  to «f 
own  Journal  on  the  Genus  Poteriocrinus  and  allied  forms app«* 
In  1S79  apjH'ar  papei's  on  the  Asteroidea  and  Echinoidfd^^ 
Ivoroan  Sea,  liis  first  Pala?ontological  paper  to  the  M^ 
Society  of  London  on  LepUlodi^cus  Lehmiri^  and  his  first  repit 
tor  the  British  Association  Committee  on  the  Zoological  ?ttti« 
at  Naples,  the  jHvcursor  of  annual  reports  which  exi<?nd«  * 
the  year  1SI>S.  J5y  this  time  his  exact  knowledge  as  a  spedi** 
was  widely  recoirni^ed,  and  collections  from  various  qM^ff 
were  })lace(l  in  his  hands  for  description  ;  in  1880  he  descnW 
♦n'hinodernis  of  the  Barents  Sea,  followed  by  a  paper  on  tk 
nccurnMice  of  Pediceliaster  in  the  far  north,  and  another  p»l* 
to  the  Yorkshire  Geological  and  Polytechnic  Society,  the  titf 
being  *'()n  Traces  of  Ancient  Relations  in  the  Structures  of  U* 
Asteroidea."' 

The  year  1881^  was  for  him  of  great  educational  iwp'rtaD* 
in  rvlation  to  his  echin<Kiermic  researches,  for  he  no*  ^ 
a  tour  of  the  Euroj^ean  ^luseums,  and  during  his  travels  » 
found   time  to  correspond    with    the    little   fraternity  at  Halifti- 
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ly  to  an  expression  of  regret  at  his  absence  from  one  of 
posed  gatherings,  and  a  hope  that  he  might  be  present  in 
!)  he  sympathetically  replied,  enclosing  one  of  his  inimitable 
pen  and  ink  sketches,  displapng  himself  and  each  member 

Club  preserved  in  jars  of  spirit^  and  each  characteristically 
i  with  a  suitable  droll  name  of  his  own  invention^ 
i.s  European  visit  yielded  him  a  wealth  of  material  and 
.  notes  and  drawings,  to  be  in  part  at  least  worked  up  in 
moir  of  the  Asteroidea  of  H.M.S.  "  Challenger "  expedition, 
ar  of  his  foreign  tour  saw  the  publication  of  his  description 
Asteroidea   dredged    during   the   course   of    the   "  Knight 

'*  as  well  as  the  first  part  of  his  monograph  of  the  Fossil 
idea,  which  was  extended  in  four  more  yearly  parts,  and 
ed  in  conjunction  with  his  friend  Dr.  Duncan,  in  the 
tographical  Society's  Volumes,  1881-1885. 
'  the  grief  of  the  Halifax  circle,  in  1883  Sladen  left  to 
at  Ewell,  near  London.  This  nearness  to  the  great  heart 
?llectual  activity  proved  of  great  advantage  to  him  by 
g  him  into  more  direct  intercourse  with  the  leaders  of 
ic  thought,  among  whom  he  soon  made  some  stimulating 
5ting  friendships. 

»ain   we  find   collections  committed  to  him  for  description, 

ne  from   the   Faroe   Channel.      In  the  words  of   Professor 

"  these    reports    mostly   deal    with    whole   collections,  and 

reports  on  tiiose  made  in  the  Arctic  Region  in  1875-1876, 
se  of  the  *  Alert,'  *  Knight  Errant,'  and  *  Triton,'  as  also 
mde  in  the  Faroe  Cliannel,  the  Korean  Sea,  and  the  Mergui 
slago.  In  each  Sladen  produced  good  results,  as  in  the 
ry  of  genera  such  as  Micraster  and  Rhegaster ;  and  what 
atural,  therefore,  than  that  he  should  have  been  entrusted 
he  working  out  of  the  Asteroidea  collected  by  H.M.S. 
nger,'  the  report  upon  which  was  the  crowning  achieve- 
f  his  life." 

iring  the  next  ten  years  he  produced  the  chief  work  of 
5 :    paper    follows    paper,    each    exhibiting   trained    powers, 

work,  and  original   thought.      In  1883  he  contributed  to 
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the   Journal    i>f    the    Linnsean   Society    a   communication  on  tb 
Asteroidoa   of    H.M.S.    "Challenger;"  a   description  of  MuHotta 
a  new  genus  from    the   Faroe   Channel  ;   the   British  Associa&!i 
lleiHirt     on     the    Scottish     Zoological     Station     (1881-2-3):  tod 
a  monograph  of  the  Tertiary  Echinoidea  of  Kachh  and  KattTYv 
appear  the  same  year.      In   1884   he  wrote  on   the  homologifs  rf 
primary   larval   plates,  of  the  test  of  Brachiate  Echiuoderm  mi 
on    the   classilieatory    position   of   Hemiast^r   elauffatuf.    In  li^ 
apjH.»{irs  in   the  narrative  of   the  cruise   of    H.M.S.  "CkHeDger' 
a    general     summary    of    the    Asteroidea     collected    dariog  db 
ex|M'(lition,  and  a  paper  in  the  Linnean  Society  s  Journal  oo  t» 
family   Arhnciad<f.      In  1886  he  continued   bibliographical  iwri» 
on    the    Crinoidea,    etc.,    which     were    commenced    the  prm« 
year  ;    issutnl    his    monograph    of    the    Fos.siI     Ekrhinoidea  of  ^ 
coast  of   Beluehistan  (Pala?ontologia  Indica)  ;  and  a  paper  on  i« 
anatomy  of  the  perignathic  girdle  and  other  parts  of  theiairf 
Dii<coid*>a  cylindrica.     In    1887   he  published  in  the  Annak  ui 
Miigazine  of    Natural   History  his  views   on    some  points  in  tfcf 
nioiphology  and  classification  of   Sale-niidce.      In  1888  were  gi^a 
in    the   same   magazine    his    objections   to   the  genera  Pmdof^ 
(jtuihis,    Trachyaater,    and    Ditremaster.       In     1889    appeared  tbf 
Report    on    the    Asteroidea    collected    by    H.M.S.    '*Challen2tf 
(luring   the  year   1873-1876.     We  do  not  pretend  to  estimate  tkt 
scicntilic   value  of   this  truly  superb  work,  but  content  uurselw* 
with   (juoting  from  one  far  better  qualified  by  his  critical  abilitj 
to    do    so : — **  This    magnificent    work    of    900    pages,  with  * 
acoonii. allying  atlas  of  118  plates,  ranks  among  the  most  mas't*'^ 
and   exhaustive  of    the   *  Challenger  '   volumes.      Before  takins  «*• 
seriously   in   hand,   Sladen   \'isited  every  museum  in  Europe  itiw 

• 

one  exception)  which  was  known  to  contain  star  tishes  ^ 
importance;  and,  as  pointed  out  by  the  editor  in  its  preface. * 
is  a  rnonogra})h  of  the  whole  group.  The  labour  involved  in  i^' 
producticm  was  j)rodigious  ;  and  its  interest  is  enhanced  ^y  ^* 
fact  that  the  bulk  of  it  was  written  between  the  hou^  » 
9  p.m.  and  those  of  early  morning,  often  after  a  day's  occupatW 
with    other   afTairs.       The   extension    of    the    family    Pterasteriff 
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the  great  addition  to  our  knowledge  of  the  deep  sea  forms 
ts  most  salient  characters ;  but  we  know  not  which  to 
re  most,  tlie  body  of  the  work,  with  its  laborious  descriptions 
idividual  forms,  or  the  supplemental  part,  in  which  there 
ven  a  list  of  every  known  species,  with  a  record  of  its 
^metric  distribution.      Elementary  student  and  expert  stand 

indebted  to  him  for  this  monumental  work,  indispensable 
x>gress  in  the  knowledge  of  the  subject  with  which  it  deals, 
ric  names  like  Benthaster  and  Marsipaster  are  sufficiently 
&cant  in  themselves.     Proceeding  to  classification,  Sladen  made 

use  of  the  marginal  and  ambulacral  plates,  and  his  sub- 
ion  into  the  sub-elasses  Euasteroidea  and  Palceaateroidea^  with 
ordinal  divisions  to  which  he  was  led,  has  withstood  the  test 
ne,  and  become  the  adopted  classification  of  the  better  text 
I,  as  for  example  those  of  Lang  and  Gregory.  In  this  his 
snce  on  the  progress  of  science  will  live,  and  it  is  a  matter 
'ofound  gratification  that  only  a  short  time  before  his  death 
ive  expression  to  the  satisfaction  this  afforded  him." 
His  last  memoirs  were  published  in  the  PalsBontographical 
ty's  volumes  for  1890  and  1893,  and  were  on  the  Cretaceous 
'oids. 

In  the  year  1890  he  married  Constance,  elder  daughter  of 
ate  Dr.  W.  C.  Anderson,  of  York,  a  union  of  heart  and 
J  yielding  a  bright  and  tender  sympathy  which  strengthened 
stimulated  him  in  his  life's  work.  On  14th  February,  1898, 
mcle,  Mr.  John  Dawson,  died,  leaving  him  Northbrook,  his 
:iful  home  in  Devonshire. 

The  friends  of  Sladen's  youth  and  early  manhood  appreciated, 
ideed   all  who  were  brought  in  contact  with   him  must  have 

his  clear  and  logical  powers  of  mind  and  refined  nature ; 
gst  the  Yorkshire  naturalists  who  met  him  again  and  again 
ientific  fellowship  and  communion,  his  judgment  was  highly 
d :  the  late  J.  W.  Davis,  F.G.S.,  his  friend  and  neighbour, 
.  Hick,  B.A.,  B.Sc,  John  Stubbins,  F.R.M.S.,  Geo.  Brooke, 
5.,  G.  H.  Parke,  F.L.S.,  C.  P.  Hobkirk,  F.L.S.,  and  W.  Cash 

amongst  this  privileged  band. 
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Wliere  once  we  held  debate,  a  band 
Of  youthful  friends,  on  mind  and  art. 
And  labour,  and  the  changing  mart. 

And  all  the  framework  of   the  land. 

When  one  would  aim  an  arrow  fair. 
But  send  it  slackly  from  the  string ; 
And  one  would  pierce  an  outer  ring. 

And  one  an  inner,  here  and  there  ; 

And  last  the  master  bowman,  he. 

Would  clear  the  mark,  a  willing  ear  we  lent  him. 

It  has  been  said  that  the  man  of  science  should  have » 
master,  but  he  may  have  his  admirations  ;  Sladen*.s  were  for  ikt 
U\st- -Darwin,  Huxley,  Lyell,  and  Tyndall  ;  in  love  of  troth. 
devotion  to  science,  and  goodness  of  heart,  in  honour  he  *«  rf 
them.     The  end  and  aim  of   his  life  was  truth. 

J^mewhat  conservative,  he  had  no  great  love  of  papain 
science,  yet  he  gave  more  than  one  lecture  which  was  appreeit»i 
by  the  people.  Genial  and  companionable,  he  yet  loved  soliun 
working,  and  held  that  "  Good  work  is  best  done  alone." 

He  was  a  great  lover  of  good  literature  and  of  art;  fr 
library  is  rich  in  rare  books  and  manuscripts  ;  we  remember  lw» 
he  prized  the  old  editions  of  his  books  and  the  first  instrumenis 
he  worked  with  ;  nothing  could  induce  him  to  part  with  any  « 
them  :  his  specimens  were  his  treasures,  and  he  would  ofta 
remark  tiiat  imperfect  and  broken  specimens,  and  even  portk* 
of  sj)ecimens,  illustrated  points  whicii  might  otherwise  be  over- 
looked;  they   were  all   indispensable  to  his   work. 

His  charity  was  genuine  and  unostentatious ;  his  gift  d 
£2,000  to  insure  the  Yeomanry  and  Volunteers  going  to  tl» 
front  in  South  Africa  was  only  a  public  instance  ;  many  priTjlr 
acts  of    l>enevoleiice  are   only   known  to  the  recipients. 

Much  material  was  in  his  hands  awaiting  that  rene«<i 
strength  and  energy  which  it  was  hoped  his  visit  to  Italy  vduM 
give  liim.  Cretaceous  Echinoderras  and  the  spoils  of  tbf 
'*  Albatross  "  expedition  for  description  among  the  rest ;  but  ii 
was  not  to  be.  That  competent  naturalists,  imbued  with  Sladen* 
genius,  may  be  found  to  describe  them,  is  a  consummation  devoutly 
to  be  wished.  Wm.  C.\sb. 
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LVI.-LVIII.       1886. 
A    Monograph    of    the    Tertiary    Echinoidea   of   Kachh    and 

Kattywar,  collected  by  the  Geological  Survey  of  India. 

"  Pal  aeon  tologia    Indica,"    series     14,     pp.     I.-VI.,     1-91; 

Plates   I.-XIII.     1883. 
On    some    Points    in    the    Morphology    and    Classification   of 

the     Salenidse,    Agassiz.      Ann.    and    Mag.    Nat.    Hist., 

ser.   5,   Vol.    XTX.,   pp.    117-137,   February,    1887. 
On    the    Anatomy    of    the    Perignathic   Girdle   and   of   other 

Parts  of  the  Test  of  Discoidea  cylindrica   I^amarek.   sp. 

Linn.  Soc.  Journ.  Zool.,  Vol.  XX.,  pp.  48-61,  Oct.,  1886. 
A   Note    upon    the    Anatomy   of   the    Perignathic    Ginlle   of 

Discoi  ea    cylindrica    Lmk.    sp.,     and    of    a    species    of 

Echiiu)conus.       Ann.  and   Mag.   Nat.    Hist.,   ser.  6,    Vol. 

IV.,   pp.   234-239,   Sept.,    1889. 
On  the  Family  Arbaciada?,  Gray.     Part  I.     The  Morpliology 

of    the    Test    in    the    Genera    Cieloplenru^    and    Arhacia. 

Linn.    Soc.    Journ.    Zool.,    Vol.    XIX.,    pp.    25-57,    May, 

1885. 
On  the  Echinoidea  of  the  Mergui   Archipelago,  collected    for 

the     Trustees    of     the     Indian     Museum,     Calcutta,    by 

Dr.    John     Anderson,     F.R.S.,     Superintendent    of    the 

Museum.      Linn.     Soc.    Journ.    Zool.,     Vol.     XXI.,    pp. 

316-319,  Oct.,  1889. 
The    Classificatory    Position    of    Ilemiaster   elcmgatus  Duncan 

and   Sladen ;    a    lleply    to    a    Criticism    by    Prof.    Sven 
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J>iven.     Ann.  and  Mag.  Nat.  Hist.,  ser.  5,  VoL  XJV. 

pp.   225-24-2    Oct.,   1884. 
Objections  to  the  Genera  PseudopygauhM  Coquand,  Trvk^ 

tijit*r   Powel,    and    Ditr^master    Munier-Chalous.    TTar 

species    restored    to    Eolampas    Dune,    and  Sladen,  lod 

II*mi*ntt^r  Desor.      Ann.    and    ^lag.    Nat.  Hist,  ser.  i 

Vol.  IT.,  pp.  327-336,  Oct.,  1888. 
A  M<in«'i:raph  of  the  British  Fossil  Echinodermata  from  tk 

Cretaceous  Formations  (Asteroidea).     Part  I.,  PtltooJ*' 

graphical  Society,  Vol.  XLIV.,  pp.  1-28;  Plates  I. TE 

(issutxl  for  181>0k   April,    1891. 
IK).  — Part     IT.    (Asteroidea),    Palteontographical  SoCm  ^oL 

XLVI.,  pp.  29-66:  Plates  IX.-XVI.,  1893. 
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The  work  of  the  S<x;iety  during  the  past  twelve  months  has 

of  exceptional  interest,  the  General  Meetings  and  Field 
irsions  have  been  well  attended  by  the  members,  and  by 
ncing  beyond  our  ordinary  boundaries  opportunities  for 
Dendent  investigation  have  been  taken  advantage  of,  and 
%h\e  knowledge  of  several  Yorkshire  geological  problems  has 

gained.  In  our  May  excursion  to  the  borders  of  Lancashire 
1  information  was  gained  by  the  study  of  knoll-reefs,  which 
is  to  make  clearer  the  problem  of  the  Cracoe  knolls,  whilst 
ig  the  visit  to  the  Cheviots  the  local  source  of  large  numbers 
le  East  Riding  drift  boulders  was  made  certain,  and  another 
^r  in  the  history  of  the  great  ice-sheets  which  pressed  in 
ir  coast  during  the  Glacial  period  was  disclosed  by  the  fine 
ines  and  overflow  valleys  of  the  eastern   slopes   of   Cheviot. 

Yorkshire    geology     is    a    part    of    a    larger    history,    and 
ently  it  is  only  by  going  beyond   the  bounds  of  our  county 
the    requisite   evidence   can    be   obtained    for   settling   many 
"tant  points  of  home  geology. 

The  First  General  Meeting  and  Field  Excursion  were  held 
litheroe,  on  Friday  and  Saturday,  May  25th  and  26th, 
'  the  presidency  and  leadership  of  Mr.  Joseph  Jx>mas, 
5.,  of  Birkenhead.  The  district  to  l)e  visited  included 
le    Hill,    the    knoll-reefs    of    the    Clitheroe    valley,    and    the 

of  the  Hodder  at  Whitewell. 

I>n  the  first  day  wagonettes  took  the  party  over  Waddington 

tx>    Newton-in-Bowland,   and    thence    along    the    picturesque 

r    of   the   Hodder   to  Whitewell.       Several   good   examples  of 

-reefs    were   noticed    on    the    way.       At    Whitewell    a    short 

>vas  spent  in  examining  the  shales  in  a  little  clough  opposite 

bridge,    to    which    the   attention    of   the    members    had    been 

ted  by  Dr.  Wheelton  Hind,  of  Stoke-on-Trent.     These  shales 

found   to  contain   a  very  interesting   fauna,  being   crowded 

delicate  polyzoa,  and  containing  small  trilobites  and  cypris 
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•  ""«-     f  T-  H  •:■>-.••  >  a  prvtiv  wi.Mvk'd  car  thm^ 
■-"   ■-     •--.*.      Httv  ar^i  riirre  •ipriii^'i  jniMi  "Ui  « tl*? 

:   *        ..  i.-''-^      :    :•  r^.-.>    rmvertine.  ou  whieh  ftn*. 
■.    ----*    -T'-"     :r.    .rr^a:    pn.»lusion.   fomim;j  Wt'dr 

-     ■    -    r-:i::.    -    .;r::-v    :h»;*    f^autiful   swneir  and  lif 

■  -  • 

•  -•■  .:  ..  -r.;  y-ri.  r.ni  the  tiedeftion  of  the  ewH 
■  s  ..  .  '.r-:  -^'.z:.  aiuoh  iMrrest.  This  river  ow 
-     " :  .  -    '• .» -  -T  V    •-  r. :  .-h     r«  v<Sf  <    » ■  lU  1 1 1-  west  wards  fc* 

•  -    I.-.*'.   >*rA.   •.'.::   ":.a*  *f¥:Ni-n  i.*apture*i  bv  a  iribatirr 
.:.  :.  ::..fcV:r.j  i  :-.:r:;  »^i>fAaDis  near  San'ial  HoIk 

.    "-      -.T^rv    .♦    :';:rr    !a::rr    ri\er    at    Great  Myt 

M-:.T.^-  -.v.i^  :,v'.-i  at  the  Swan  Hotel.  Githw* 

.-:   ■'.-:     :    Mr.  J  -ei.i.    L.^nia<.   F.O.S.     The  CW 

....—-    :-.»!:  •*:::!  :iie  i'hy<uMl  an<l  i:laoial  i^wwiinca 

}lr  :i ".'..:■;•.- :  t •  •  : ! :e  w. n n lerf u I  in mtortioos  f*  tw 

.-    :•.    ::.*•   kr.  •".I-rert'».    wiiirh    inive    the  oWrrer  ihf 

;     -     :'  -::>-^,       Th»>*:r  lie  Wlieveil   to  l)e  due  !•>  thf 

.  ...•'-:-•!>-    u:i'if*r   «-"-vriv   stress,   the   px*k  rts^tiK 

.:  -     ■-    •   ::    in    ••lie    i-laiv    aii-i    fi>rce'J    iiit«>  knt>Ui  b 

-■'- :  i.-- iiiite   ^lwiie<   yi<Mii»^l    liy   sliding' iHy^"  "^ 

].       .-  ..  «-.  .;e<».TiiK*  1  tiie  iiiterestini:  river  <iiv^P** 

•  .  :  -  Vxi'y.  >  riaviiii:  i-apturt»«i  \\*xh  the  H'W'f 
.;-     :■    C  I   ;-r.     Tt»e  i:t»r::e  i»t  the  Cal«W  at  ^^b*^ 

-      *:.■:.    •.-..i:   "f    ti.e    H«>itler,    in^iicatin^  tl»*^  ^ 
ri!:.v     wa-*    i-onsitierahlv     earlier     in   uw-i?^ 

•  :    ::.••    H-Mi.ier.       Mr.   L«iiiias    also   :<poke  "^  ^* 
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•  Iv-i-n'oiiiLT    ilie   i:e«>loi:v    of    Pemile  Hill 
Mil     'V    '.   •    II  ■!..    >'irftar\.       A    «liscuvsion    followeii  in  'i* 


-tff* 


Mr.    1'.    F.     K-':!/;.    F.'I.S.,    Mr.   J.    H.   Smith.    F.G.S.,  Mr. 
<"i-:i.    F.'I.S.   .i:i  :    •i::i.r'»   t«M.»k    |»;irt.       Mr.    Kendall  sai«i  that 
'li-tri't    «•:    * 'liiii,r..r.    ui^.    the   l>atile-i;rounfi   <if   two   ijlafiers  «^ 
III  •vjijif  rV  •Ml    t!i«'   ni»:':!i   o\er    I^»Nvlan«l    Fells,  and   briiiiriiiL'  *'^'^^^,.. 
iMi'Jil  roi'k-.  jui'l   aimilitT  iii'iviiij;  from  the  Irish  Sea,  an«l  briniT 
in  ;m«l  j»ati-'ii'-  nf  •^ln'iliiia:-!,  Seuttisii   granites,  and  Lake  Di>tn 
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Very  few  granites  had  been  found  in  the  Clitheroe 
t,  but  a  pocket  of  sand  with  broken  shells  had  been 
ed  from  Whalley,  showing  that  the  Irish  Sea  glacier  had 
ced  thus  far. 

>n  the  Saturday  morning  the  party  started  early,  under 
adership  of  Mr.  James  Walsh,  B.Sc,  of  Blackburn,  to  visit 
;o  quarry.  One  of  the  features  of  the  Clitheroe  valley  con- 
>f  a  number  of  rounded  hills,  which  have  been  termed  knoll- 
and  which  many  geologists  consider  to  represent  separated 
ne  and  shell    reefs,   whilst   others   refer   their   formation   to 

movements.  The  Pimlico  quarries  have  laid  bare  one  of 
ki)olls  in  a  remarkable  manner,  showing  its  structure  very 
fully,  and  laying  open  for  the  fossil-hunter  exposures 
srfully  rich  in  organic  remains.  The  limestone  is,  indeed, 
58  of  crinoid  remains,  with  large  numbers  of  heads  in 
•nt  preservation.      After   good   bags   had   been   secured  the 

drove  by  way  of  Chatburn  and  Downham  to  Brash 
1,  where  sections  of  the  lower  strata  of  Pendle  Hill  were 
Above  the  shales- with-limes tones  comes  the  Pendleside 
U)ne,  which  is  thick-bedded  with  chert  bands.  This  is  over- 
y  the  Pendleside  Grit,  which  forms  the  lower  ridge  of 
5,  above  which  comes  a  hollow  groove  due  to  the  softer 
nd    Shales.       The    summit    of    Pendle    is    composed    of   the 

beds  of  the  Millstone  Grit  series.      Leaving   Brash  Clough 

abden    road    was   followed    over   the   escarpment   at   Pendle 

and  the  Millstone  Grit  quarries  at  the  summit  were  seen, 

haze  interfered  with  the  full  appreciation  of  the  view  of 
dges  and  valleys  of  the  Pendle  range.  The  descent  to 
n  is  down  the  dip  slope  of  the  Millstone  Grit,  and  at 
n  the  black  shales  between  the  Fourth  and  Third  Grits 
on.  It  is  in  these  shales  that  the  longitudinal  valley  of 
n  has  been  excavated.  At  Whalley  the  interesting  gorge 
;  I^ancashire  Calder  was  seen,  cutting  right  across  the 
lent  ridges  of  Millstone  Grit  to  the  Burnley  Coal-field, 
it  was  paid  to  the  interesting  old  Parish  Church,  but, 
anately,    the    Abbey    grounds     were    closed.       The    party 
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.-     -     *5.  •:  :•    C-i ■--rT*.*'.  ADO.   after  dinner,   separated  with  mtnj 

:_— iT-fc:,  :  -       -     *    "fcrrr     vVasaut     and     successful    excuraon. 

--.—...     :    :.r  £.*   ■•r.r.^  ^.ver.  i«^  Meassrs.  Ix>nias  and  Walsi  for  their 

7  T     ^^-*  z.'.     'ir-rreTaLl     Meeting     was     held     at    Wwler.  is 

N    -■    -_  :»r-.i:.-l.      =.    Si:-rdav.    Julv     I4th,    and    was    assodasai 

i.    ?~T.l    ilx.-ri:»r*    un-ier    the    leadership   of    Mr.  Perty  F. 

Vv--         .    F   -^.  :■•   :r.%e^;:^:e   the   ce*.»lo«:y  of   the  eastern  alcje 

:  :  -    '..--.:   H./.-.  :r.»:u  July   i3th  to   17th. 

'.-      •  r.:.-:-.::.::   ^::r-    this    Elxoun>ion    a    prelimiuary  \isit  vu 

i-.-.   ^--i    :      :rT    Koiiiis    WaiL    on    July    10th,    11th,   and  liik 

:.    .  -.-.rr-:-.:!    of   iiie    Rev.    FL    Maule   Cole,   M.A.,  F.G.& 

K.  .     .:.   .:.i:.  :.    *,»>    -*:.:    !•■    the    members    of    the    East  Ridi^ 

.\:  ■      :.-.r-.i:.     >  •.  irt  v    :,.    join    in    tiiis    Excursion.     The  lined 

■  .:       :-:-:..—>    k:.--wn   as    the    Roman    TX'all,   with    its  accon- 

.«    ■  i.-ju    ir.  i    asi^.x'iate^i    military    camps,  extending  for  a 

.-:..-      :  '^.    ly.i'.e^  in>m  Wailsend,  near   Newcastle,  to  Bowne* 

:    -.    ^  .-vAv.  f  ■rn".>  the  most  extensive  and  interestini:  remaiite 

:   :        .   •-.:   K  ;v..i::  o«.vuivition  of  Britain. 

1.   •:::-j-i';uv  i^n    Tuesiay.  July    10th,    was   Gilslani  ra 
N-   »    *-:.e    :iT.  i    CAr.is'.e    Railway.       A    start    was  made  tron 

m 

:....•..;."  s:.i::-:i  it»r  Rirxloswald,  the  largest  camp  on  thf 
^^  --.  i.  '  »r.  the  n«^r:hern  side  of  the  wall  is  a  deep  fosse. 
1  .v;ir:;iMe  tVaiure.  To  the  south  there  rnn^ 
r!.::rv  -onirtii  a  second  line  of  defence,  caUed  the 
I'  ■!>:>!<  of  a  ditch  and  two  parallel  mounds.  TT» 
•::'.:  oi  i:*^k\  niasimry,  but  has  been  plundereil  b^ 
.  t  all  ^orts,  the  chun'h  of  Hexham,  the  ke«?f' 
■  ■:  T;.:-.wal.  a:i-i  :!.«■  priory  of  Lanerct>st  Ijeing  three  notil^f 
ii.-Mii  •  <    t'f    li.:--    iiUNlia«\al    vamlalism    in    the    nei3L:hbourhi^>.l  •'•i 

N.ir    Hiri»'-\vai'l    a    third    line   of   defence     has    l:itelv   b«^ 

m 

«ii-r. i\i-!-.*il,  ca'.lf'i  tilt'  Tiirt  Wall,  but  it  onlv  extends  for  aix>»i* 
thrt' •  iiiilt'^.  Th  '  K.ido^wahi  camp,  like  that  of  Chest«rr. 
aft«M\\anl<  \  iviie<l,  has  ;h»*  u>ual  north  and  south  gates,  but  'fi 
t!i  •  ('a>t    and    we>t    ^idc^  there  ai-o   two  gates.       The  chariot  rat> 
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t  mad  the  grooves  for   angle  irons   and   pivot  holes   for  the  gates 

If.  Jure    plainly    to   be   seen,    being    in    excellent    preservation.      At 

r^CSoome    Crag    an    old    Roman   quarry   was    visited,   and    Roman 

^inscriptions   noted.       Lanercost    Abbey,  with   its    excellent   west 

-pfront  and  inter&sting  monastic  buildings,  aroused  much  interest. 

iXh    the    choir    are    some    fine    tombs    of    the    Dacres,    Lords    of 

OUsland. 

The   return   journey   was   made    through    Naworth    Park    to 
^  Tipper  Denton,  where  an   interesting  very  early  Norman  church 
^  W9A  visited.      The  chancel  arch  is  possibly  Saxon, 
f  On  Wednesday  morning   the   party  started   in    the   opposite 

direction   (easterly)   along   the    Wall.       On    the   way   the   leader 
:;- pointed   out   how   the   Roman   Wall   climbed    the    highest   crags, 
^^accompanied  invariably  by ^  the  vallum  to  the  south,  at  a  lower 
elevation.     For  some  distance  the  modern  road  follows  the  ditch 
r    of  the  vallum.      Some   15  miles  from  Gilsland,  Housesteads  (the 
i'    Roman  Borcovicus)  was  reached.      Here  an  hour  and  a  half  was 
spent   in   thoroughly   examining    the    camp,    which    has    recently 
been  excavated   by  the   Cumberland   and   Northumberland   Anti- 
quarian Societies. 

This  camp,  covering  nearly  dve  acres,  follows  the  rule, 
having  four  gates.  The  gates  are  remarkably  perfect,  showing 
the  characteristic  pivot-holes  and  ruts  from  chariot  wheels.  What 
appears  to  have  been  a  forum  has  been  thoroughly  excavated, 
and  afforded  matter  of  deep  interest  and  for  considerable  dis- 
cussion among  the  members.  Tiiis  camp  is  perhaps  the  most 
marvellous  work  of  antiquity  extant  in  Great  Britain,  and  many 
parts  of  it  are  preserved  in  a  wonderful  way. 

A  detour  was  then  made  to  Vindolana,  where  the  only 
existing  complete  milestone  in  situ  in  Great  Britain  remains  on 
the  Stanegate,  an  old  Roman  road.  A  second  milestone  was 
found,  the  base  and  the  lower  part  of  the  shaft  alone  remaining. 
A  portion  of  this  stone  was  identified  in  front  of  the  Twice- 
brewed  Inn  on  the  modem  road,  covered  with  whitewash. 

The  camp  at  ^sica  was  next  visited.  This  camp  has  also 
been  excavated  by  the  above-named  societies.     In  the  centre  is 
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a  well,  with  a  line  arch,  containing  wat4?r  brought  from  a  db- 
tan^v  of  >L\  miles  by  a  conduit  along  the  slopes  of  the  hilk  for 
tht*  use  oi  t.e  soldiers.  The  party  next  proceeded  to  CaeiTona 
|Mainia»,  which  commands  a  tine  view.  Here  a  number  of 
«iiu;ill  Roman  altars  were  noticed :  alsi>  pedestals,  quems.  and 
iiioi<eil  'Jitines  were  found  in  numbers  ornamenting  the  tup  d 
a  t.irnih' ^u*^*  wall.  The  vallum  and  wall  here  are  in  ci« 
prt»\  mity. 

Followintr  the  wall  down  the  steep  hill-side  the  partv  re»cttd 
Thirl  wail  Ca>tle,  now  in  ruins  the  mediaeval  pele  or  strtinj.'b^ 
UMiiiT  built  entirely  i»f  stones  from  the  Roman  Wall.  Hie 
weatiiiT  was  ideal,  and  much  conduced  to  the  succevi  d  ik 
exjx^iitit.n.  Every  j>art  oi  the  interesting  remains  visitd  w«t 
mV!^.  to  j^rfeciion  and  thoroughly  examined. 

On    Tiiursdav    the   partv  continued    their   interestinsr  invest 

srativ'Ti    of    the    Roman    rem*^ins    by    travelling    to    Hexiiam  ud 

f  xaniiniu;::  the   Priory    Church,   whicli    has    been    built   largelv  d 

>:o!u*^   taken  from   the   Roman   wall.     The   Saxon  crvpt,  with  iu 

n^.arkt^i    and    iuM-ribeti    Roman    stones,    wa.s    verv    fine,  ann  Mr. 

]I^-'>-v'ii.    tlu'    {^arish    clerk,    gave    an    interesting    account  vi  ihit 

vih'v:^   ina-io  to   lay  l)are  all   its  chief   featui-es,  a  wi>rk  to  vhiob 

in-  ill  i  -iven  and  was  gi>ing  consiilerable  time  ami  care.    Mach 

int<  :"i  -:    wa^    also   ai\msed    by    the    ancient    Saxon    Fri(l-stt>ul  « 

v;i:o:y  N^at.  in  tiio  days  when  the  Priory  had  enjoved  the  privikgf 

ot  ^a!uti:aiv.      Tiie  walls  aiv  rich  in   masons'  and   other  umrkinps 

wi.iol:  \vo:v  j'^.iuttni  out  by  the  leader  (Rev.  E.  Maule  Cole,  M.A) 

lh:ri!.|^'  ri.e  renovation  of  the  chancel.   s<mie  curious  old  chimtriei 

wri"  irMW'XO'i,  Miie   K^i    which,   with  its  quaint   carvim,^,  is  pW 

in     :lu'    Noutli     transept.       This    transept    also     contains    a   Wi 

ston,'    >:aii\aM\   \\\irn   by  tlio   feet   of  generations  of   Aui:u>tiniatt 

nu»nkv.    \viu»    descent  led    by   it    fmni    their    donnitorv  to  c-elebrate 

miiiniu'lit    service   in   the  church.     After  a  careful  examinatiun  of 

this    intoivstini:   ciunvli,    which    contains   .so    many    Roman   relics 

the   train   wa^   taken    to  Chollert\»rd    to   view    the    Roman   hritL'* 

over   the    Nt»rth   Tyne.      Tiie  eastern   abutment    of    this  bridi,v  iJ 

in  excellent  condition,  and  shows  a  large  wedge-shaped  foundation 
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I  solid  masonry,  which  was  tightly  bound  together  with  iron 
Ands,  the  grooves  for  the  reception  of  which  were  clearly 
larked.  This  abutment  contracts  wedge-like  towards  the  river, 
Dd  is  defended  by  a  square  castellum,  which  forms  the  termi- 
ation  of  the  Roman  wall  at  that  point.  The  remains  of  two 
iers  are  to  be  found  in  the  river  bed,  and  the  opposite  buttress 
t  to  be  seen,  but  the  foundations  are  now  under  water,  the 
iver  having  worked  westward  since  Roman  times. 

After  lunch  a  rapid  move  was  made  for  "  The  Chesters," 
O  view  the  remains  of  Cilumum  in  the  park.  It  was  not  one 
f  the  days  set  apart  for  visitors,  but  on  the  special  antiquarian 
mrpose  of  the  party  being  explained  to  Miss  Clayton,  she  kindly 
[ranted  permission  for  these  interesting  remains  to  be  viewed. 
die  camp  of  Cilumum  is  next  in  size  to  that  at  Birdoswald, 
dsited  on  Tuesday,  and  like  it,  has  the  unusual  number  of  six 
^tes,  one  north,  one  south,  and  two  each  east  and  west.  These 
^tes  were  connected  by  streets  running  straight  across  the  camp. 
Four  of  these  gates  are  double,  and  were  closed  by  double  doors 
ivhich  swung  on  pivots  revolving  in  holes  lined  with  iron,  the 
-emains  of  wiiicli  are  still  seen.  Each  of  these  gateways  is 
ianked  by  two  guardrooms.  The  two  extra  gates  were  single, 
md  have  no  flanking  guardrooms.  The  Roman  Wall  meets  the 
i&mp  just  south  of  the  large  east  and  west  gates,  and  so  half 
>f  the  camp  stands  north  of  tlie  wall.  The  forum  in  the  centre 
>f  the  camp  shows  many  points  of  interesting  coincidence  with 
jhat  of  Housesteads,  but  is  laid  out  after  a  plan  of  its  own. 
The  north  and  south  street  advances  to  its  north  gate,  and  is 
x)ntinued  down  its  centre.  The  east  and  west  streets  pass  just 
>utside  its  walls.  It  apparently  consisted  of  an  open  market- 
place surrounded]  by  a  covered  colonnade  supported  by  square- 
3uilt  stone  pillars.  At  the  southern  end  are  buildings  probably 
ised  for  the  administration  of  justice,  and  one  is  the  treasury. 
Under  this  latter  is  a  vaulted  chamber,  which  was  probably  used 
is  a  place  of  safety  for  the  military  chest,  which  could  be 
secured  to  the  floor.  Several  rooms  flank  the  forum  on  the 
»ast  side,  which   were  probably  dwellings,  as  the  rooms  are  seen 
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to  be  supported  on  pillars  allowing  of  the  circuktioo 
air.  The  furnace  for  the  prtxiuction  of  this  heated  a 
preserved. 

Another   extensive   area   of   ruined    structures  exten 
the   east    wall  of  the  camp  to  the  river  bank.      These  ca 
a  courtyard  paved  with  rough  stone  slabs,  at  one  end  of 
are  seven  arched  recesses  and  several  associated  chimben. 
use  of  the  recesses  in  the  courtyard  is  a  matter  of  mm  > 
troversy,  many  holding  that  they  are  places  for  the  recepboa 
the  jjcxls  of  the  family.      The  remains  of  a  hvpocaust  ire  9M 
and    tile<l    hot-air    flues,    part    of   one   being   shown  in  eicellai 
condition.      The   examination   of   this    wonderful  excavida  W 
to   tx?   hurried    because   of  the   shortness  of  time,  but  the  putt 
felt  that   they  had    been   amply   repaid  for   their  visit  »wl  ^ 
lungoil  for  time  to  see  all  the   wonders   of  Cilurnum.    A  np 
march    had    to   \ye   made    to   catch    the  return  train  to  Baku! 
ami    U*fore    the    party   separated    a   unanimous  and  enthisiAc 
vote  of  thanks  was  passed  to  the  genial  and  learned  leader,* 
Uev.   E.    Maule   Cole,   M.A.,   F.G.S.,  for  the  immense  trouble  i» 
lijid  taken  to  show  everything  that  was  possible  in  the  time,  w 
to  make  clear  to  every  member  the  meaning  of  these  campi^tf* 
antiquarian  relics. 

The  Cheviots'  party  was  large  and   representative,  anA » 

as  their  aim  the  investigation  of  the  eastern  side  of  the  Cbe^ 

HilN,    with    the   special  view  of  attempting    the   identificativ* » 

certain    ii^^neous    rocks    (porphy rites)    which    are    found  in  ^ 

(juantities  as  l)oulders  in  the  drift  deposits  of  Holdemess  atid  i 

alonic  the  Yorkshire  coast.     The  members  who  arrived  on  Thm 

(lav    utilised    Friday    mornin<f    for    a   visit   to    Roddam  l>ene. 

wliieh  the  basement  Carboniferous  be<ls  are  found   resting  on 

volcanic    series.       RcKldam    Dene    is    a    well- wooded,    pictures 

little     ^'len,     showing     numerous     good     sections     of     red    s 

stones    and    marls,    but    time    did    not    permit    of    the    thop 

investi^'ation    of    the    lower    parts    of    the    glen,    where   the 

glomerates    are     prolmbly    best    seen.       A     pretty     little    j 

was  found  near  the  head   of  the  stream    cutting    through  a 
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Bkva,  and  showing  an  interesting  diversion  of  drainage  owing 
fce  choking  of  the  upper  valley  by  mounds  of  moraine.  The 
cmoon  party  drove  to  Middleton  Hall,  and  then  walked  to 
ry  Burn,  where  sections  of  the  volcanic  rocks  were  examined 
stream  banks.  At  Shining  Pool  a  fine  lateral  moraine, 
a  lobe  of  ice  which  had  forced  its  way  from  the  north 
^lie  eastern  spurs  of  Cheviot,  was  noted.  At  the  time  of 
LX^^asion  from  the  north  the  valleys  radiating  from  Cheviot 
I  have  their  local  glaciers,  but  were  not  invaded  by  the 
S^ce-sheet. 

Saturday,  July  14th,  the  geologists  drove  to  Langleeford, 
rough  hill  road.  The  programme  laid  out  a  route  over 
t  Hill  (2,676  ft.),  descending  by  Hen  Hole,  and  a  long 
untry  walk  to  Kirknewton ;  but  it  was  agreed  that  a 
^h  examination  of  the  rocks  round  the  granite  area,  with 
design  of  noting  its  altering  effect  on  the  rocks  into 
"^  it  had  been  intruded,  was  of  great  importance.  The 
edge  of  the  granite  patch  was  accordingly  carefully  investi- 
^  by  a  party  under  the  direction  of  Mr.  Percy  F.  Kendall, 
&•,  whilst  Mr.  G.  G.  Butler,  F.G.S.,  led  another  party  to 
top  of  Great  Cheviot  to  examine  the  exposures  of  the  granite 
"t^a  sides  and  summit,  and  to  investigate  a  patch  of  porphyrite 
^©d  on  its  summit.  The  granite  was  found  to  grow  finer 
lued  as  tiie  hill  was  ascended,  and  the  remnants  of  one  of 
»  old  lava  sheets  (porphyrite)  was  found  on  the  north  side 
the  summit.  Good  junction  sections  of  the  granite  and  newer 
kes  with  the  volcanic  series  were  found  by  Mr.  Kendall's 
Tty. 

The  General  Meeting  was  held  at  the  Cottage  Hotel, 
ooler,  after  dinner  on  Saturday  evening,  July  15th,  under  the 
jsidency  of  Mr.  G.  G.  Butler,  M.A.,  F.G.S.,  of  Ewart  Park, 
ooler.  Mr.  J.  Norton  Dickons  (Bradford)  and  Mr.  W.  G. 
insfield  (Ilkley)  were  elected  life -members  of  the  Society. 
ter  a  brief  address  by  the  Chairman,  Mr.  J.  W.  Stather, 
jr.S.,  of  Hull,  read  a  paper  on  "The  Boulders  in  the  Drift 
iposits  of  the  East  Coast  of   Yorkshire."      Mr.  Stather   briefly 


..-^  •  .-:  -.:-  .-ri' ;:":>«:  xa-i  «iUtrihution  of  tht*  drift  ot  Eisi 
V  •••>  -^.  kz«i  I"  -r.":r*i  ^t  that  ii  oi>ntaine<i  a  remarkable  aisrta- 
■.i_-  :  r  •. £•  l:-  tr--  f-.-m.  ..»£  lx»asders.  An  attempt  to  tabakte 
T  -  *.-.-•  ■••:'-':-r-  c  ::>=•  drift,  th«36e  abo^e  one  fuot  in  diamewf, 
■  t  •--  bir-  ".T  :>-r  H::li  G€».»kisrical  Society,  with  intertstin* 
r— .  --       I"   -fc  1-  f   I-  :  tr.T  I>^."al  n.<rk^  of  the  coa.>t  almost  aiwan 

-  ■  L  '  — 1    -  .::-    Ar.-i    th^    s-aine    wa*    true    of  the  Tee^lale 

:  --■..r-.r^i     ••-!-:rr*.      In  the^«e  ca.ses  it   was  found,  ti'^iDI 

z.        ■    -      i-'^-r    '"•  -'.'irr*    ir.tM    c«>n.siiieratiun,    that    the»e  suntb- 

"•„   ■        ^     •  _.  irr*    ir^-Tva>e«i  rapidly  in   number^  in  passinir  m« 

^.-    _-:.:■    :h-    l*:ii:linjton  section**.       On   the  contrary,  tbe 

N    -      .   .       •  :".  i-r-  :r.crva>-d  in  nu miners  as  the  drift  wii<  traced 

-  -.  in  i  :*:.r-  sAr.:r  '^a.''  tnit*  of  the  numerous  granit4?s,  mo* 

i-r    r.  •:    ':^iyrn    *  ientide*!.       Mr.    Stather   arguc<i  thit 

:        -         -     -  i-    i:.  l:oa:#^i    oy    the    «iis|>erssion    of    the>»e  bouldea 

:  ■  -    .^•r./.-'':' :;   that   there   was   a    community  «f  orisin 

-.--*-    ^nir.i'.r--    and    the    kn*»wn     Norwegian    rucks  isA 

:         -  ii  •>•■.-•-  ••••rr  the  North  Sea. 

V-  :  y    F.    Kr!.iA'.i.    F.O.S.,  ipive    an    interestini:  addrv>* 
•  • :    TA  t^    r.  •:#:-•  i    'iurim:    the    excursion.      Thr-  general 

-  .       •:   ::.'    C;.-^i  •:-»  was  a  il«x»r  of  denudt**!    Silurian  n>ck"*. 

..'-:.    •■■•'.  v!i-.i    r»y  a  LTV»t    out  !ow   of   lavas  in  tht  OU 
11'  .     ^.     "-::."    i-=Ti<-!.       Tiie^*     lava^,     after    the    cessation  d 
■  •::•  :..    !.  i-i    ••et-n    invade*  1    ami    pushed    u[>   hy  a  irreat 
•  i     .        :    j:  iT.::'.    wi.ici»    had    ci»n>iderablv  alteretl    the  l>ed.>  ^ti* 
.V .  .         -    .   1. 1  •■!:>?  iTit"  contact.     Then  these  l>eds  lad  be^n  >a^>- 
;••  --  .  :     -..»••,*  ii'-i:Ui:atii»n  in  the  Carlj^miferous  sea,  and  j;reato«- 
'/..-::.•  .<i*- -  i.a.j  ckvh  thrill  d.      A  j>eri(Kl  of  quiescence  had  folluvdi 
c^^'v::.^    I.' -I   «»t   the   .Sxondary  period.       In   the    Tertiary  peri<'^ 
an-':].' r  _:r'at  VMlraiiio  «»uti)iirst  had  taken   place,  pnKiucin;:  exiea- 
siv.-  .  :;;m^'r^  a;«»n::  tiu*  hn»iid  vallev  which  then  extemled  between 
tlh-  iiiiiiii.uid  ui   S<-otlaiid  and  the  nuter   Hebrides.     This  outburst 
starit-d    tijc    rorks    for    bui^    distances,  and    the    cracks    pruduifi 
wero  tilled   hy   ha^alti^   rtn-ks.       The   glacial    perio<l    would   produ-^ 
small    I«Mal    ;:lacier>    in    the    valleys    radiating    from    Cheviot,  '''J* 
this  district   was  invade<l  hv  the   Lrreat   ice-sheet    which    tilled  tW 
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Bi'orth  Sea,  which  has  left  large  morainic  mounds,  and  numbers 
beautiful  dry  valleys  at  considerable  elevations,  which  were 
by  the  water  flowing  from  the  ice-front  when  the  usual 
of  drainage  were  choked  with  ice.  The  lie  of  these 
and  glacial  valleys  showed  that  the  Cheviots  formed 
dividing  line  in  local  glacial  movements,  the  local  glaciers  to 
■ilie  north  being  deflected  northwards,  and  beaten  back  on  to  the 
eoast,  whilst  those  to  the  south  were  deflected  s>mth wards  along 
ttie  coast,  as  Yorkshire  evidence  conclusively  proved. 

The   examination   of   the   Cheviot   granite   showed    it    to   be 

fine-grained  at  the  margin  on  the  hillside  above  Langleeford 

at    the    faulted    junction    in    Harthope.      The    fine-grained 

character   of    the    highest    beds    on    Cheviot    and    the   patch    of 

:i|porphyrite  on  one  of  the  northern  spurs  showed  that  the  central 

of  granite  had  not  been  much  denuded,  and  explained  the 

iicity  of  granite  boulders  in  the  local  drift.      Strings  of  grano- 

'gikjre  (i.e.,  very  fine-grained  material  of  the  same  composition  as 

^e    granite)    passed    through    the    porphyrites    and    the   granite. 

One    specimen    was    obtained    below    Long    Crag    which    showed 

M   small   vein    of   granophyre   passing   across   the   junction  of   the 

Upranite   with    the   porphyrite.      Veins   of   tourmaline   were   found 

^ong  the  edges  of  the  granite,  and  fragments  of  granite  traversed 

by  tourmaline    veins  were   found    in    the   "cone   of   dejection"  of 

«ach    of  the    three   small    streams   descending   on    the    north    side 

of  the  Harthope  valley. 

A  discussion  followed  in  which  several  of  the  members  took 
part,  and  the  meeting  concluded  with  unanimous  votes  of  thanks 
to  the  Chairman  and  the  readers  of  papers. 

On  Sunday  afternoon  many  of  the  members  accepted  the  kind 
invitation  of  Mr.  and  Mrs.  G.  G.  Butler  to  visit  Ewart  Park, 
and  have  tea.  The  interesting  collection  of  curios  in  the  gallery 
was  shown,  and  an  hour  was  spent  in  the  spacious  gardens. 

On  Monday,  July  16th,  the  party  drove  to  Roddam  to 
complete  the  examination  of  the  Dene,  and  see  the  fine  sections 
of  the  basement  Carboniferous  conglomerates  exposed  therein. 
A  heavy  thunderstorm  coming  on,  the  investigation  was  anything 


•*:"  ..—  i::!j*fri.»r  lz%i  -^^iriaB^i.  ASri  hj  the  time  CaWer  Fim 
vi.-  — u  •:»-:  "i^t^  ii**m -•^rv  ^^^v  ir.  r>ee»i  «.»t  a  iiood  fire  to  or 
1  •'•-.•  r»*"T.r-r. " -.  Ar"-r  l  r  •i.^-T4iZ>i-re*»iT-  lunch  s*>me  of  iheputr 
V-:-  V--:  -!»*  !•  c.■-•l^:•r-^  "-.  In^znuii.  but  the  nutjor  partwi 
*  •  "i    i.   "*!.   — —      '-^   Z-ir-    Hi.*  rs   T-.     '^e^   a    fine   ^jeries  of  overfti* 

L.--'-  V :_.  :  v-rr  ::li.t*i*i  rj  liri-  aivanoe  of  a  glacier  into  the 
i*-i.:_.-j  V  L- -^r-^ir*:  A  Tt.cicjTriv-  rull  of  quartz  amygdules  wi 
f  •■>::■  '_  - :»-  z*  criTr^  *L->r  .c  t}.e  T-^Iley  abi>ve  the  footbridjfe. 
r  7 1-^- 1*17  t;»  cn:!^  fc  v^sii  "«-a-  p^.i  to  Chillingham  Ptfk 
-—  ::-  :.-r:  i  v-Ji  ■•r-i'ir^  caiTle-  Thi>  fam«ms  herd  »hiA 
-1  "-'•-*-  L»  IT  rrrj  "wi-  TB-rll  -*?en_  and  lunch  was  partaken  of 
.:  "  :r"  J.*!-"!:  -ii.-i_-fc-*.'  --Sr  «.»r-  ihe  return  joumev  the  ptrtr 
1..  _  ■-'  t:  At-'  -  Lir.  k>>rr?>e*i  :he  ni^-«>rs  to  the  south  d  xh 
:_■•  *b.  :  rij,^.--  >  .r>r  jr'sciil  overdo w  vallevs.  A  series  rf 
"*-■ -^  '~  "'i-Tj*  Trk>  r\fcTvir.»i^i  o.'iirinuinjEr  across  three  >pnn, 
tr  r^  -  -.-^  ---:er..'r^  ■:  oatrinjr  bv  considerable  volumes  <i 
"^-i'-:  Tit-^  -'iul.rjf  ^rr  wi-ie  an-i  open  at  both  ends,  crt 
A*  --  ::-  --T--  f  riir-ary  .ininai?? :  al]  dip  in  the  >ame  dirw- 
:.  -      -.--".-.  i:  :  .  ir.i  ir>e  rvlatevi  t*.»  one  another  just  as  a  .<««» 

-  — —'  -  -  •»  .;". ;  "r^r  fr -q-  a  >ucivssion  of  lakes  held  up  bv  an 
i;-—  .-:  ."..Kie».i    ;iV.    :he    t-asteriv    vallev    mouths.      In  ex- 

£.;^::.  .:,■  ::  -     :::::    -.  f  Calder   Farm   ami   Akeld    abundant  Utulders 

f  .:.  ,'Tt'.  .T^r-:.  .u.irtj'*?**  ^n^wacke  sandstone  were  f'Uni 
*:•  J  t:-  :  ■':.:/:.  ;irv-  a'-^»  fre^iuently  found  in  the  drifts  of  the 
Y  :?>:.i:v  :  fi-t.  Th:<  vias  an  important  identitication.  as  tie 
lv:i.i:v  f  :.  -  r.-.k  ha*!  nut  been  previously  known  bv  York>hire 
J'-'.  ,r.<^.  ar.i.  t:..-jch  not  found  in  y«V«,  the  numbers  in  which 
it  i-  t" :;:.•:  ;i<  a  c«»!>rituent  of  the  Cheviot  moraiiiic  frravels  invrt 
th*'  •i:r»-«-t;i.ii  ..if  it^  -^ouroe. 

l^'finv-  I  lie  party  >eparated  a  speciallv  enthusiastic  vute  d 
thanks  wa-  acci»rdeil  t«»  Mr.  Percv  F.  Kendall,  F.G.S.,  for  the 
way  in  which  hr  had  put  his  geological  knowledge  and  exjwenrf 
at  the  full  disposal  of  the  members,  and  done  so  much  to  rendff 
the  meeting;  a  th(>rou«^h  .success.  With  the  exception  of  Mondaj 
morning's  thunderstorm  the  weather  was  hot  and  clear,  and  the 
excursion  was  most  enjoyable  and  instructive. 
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During  the  year  the  important  beries  of  investigations  into 
sources  of  the  Aire  at  Malham  have  been  brought  to 
2i|ik  suooeasful  issue,  and  a  report  presented  by  the  Hon.  Secretary 
tiie  Bradford  Meeting  of  the  British  Association  was  received 
great  interest  by  the  Geological  Section.  During  the  year 
Malham  Sub-Committee,  consisting  of  Messrs.  C.  W.  Fennell, 
.O.S.,  J.  A.  Bean,  W.  Ackroyd,  F.I.C.,  F.  W.  Branson,  F.I.C., 
r,  H.  Howarth,  F.G.S.,  P.  F.  Kendall,  F.G.S.,  and  W.  Lower 
jr,  M.A.  F.G.S.  (convener),  have  held  several  meetings. 
On  November  14th,  1899,  Mr.  Kendall  was  able  to  report 
fAe  excellent  recpption  accorded  to  the  report  of  the  Committee 
|ipl  the  Dover  Meetin<(  of  the  British  Association.  A  Committee 
^ol  the  British  Association  had  been  appointed  to  continue  these 
[iillTestigations  on  underground  waters,  and  a  grant  of  £40  had 
f.  been  made  for  this  pui*pose. 

^  The  constitution  of  the  British  Association  Committee   was 

;  as  follows :— Professor  W.  W.  Watts,  M.A.,  F.G.S.  (Chairman), 
Mr.  A.  R.  Dwerryhouse,  F.G.S.  (Secretary),  Professor  A. 
Smithells,  Rev.  E.  Jones,  F.G.S.,  Mr.  Walter  Morrison,  Rev. 
W.  Lower  Carter,  M.A.,  F.G.S.,  Messrs.  G.  Bray,  Thomas 
Fairley,  P.  F.  Kendall,  F.G.S.,  and  J.  E.  Marr,  F.R.S. 

The  question  of  the  relations  of  the  British  Association 
Committee  to  that  of  our  own  Society  was  carefully  considered, 
and,  after  full  discussion,  the  following  resolutions  were  passed 
unanimously : — 

1.  That  the  Yorkshire  Geological    and    Polytechnic   Society 

having  commenced  the  work  of  investigating  the 
Underground  Waters  of  Craven,  and  having  completed 
an  important  section  of  that  work,  desires  to  con- 
tinue tiie  investigations  and  to  be  credited  with  the 
results  obtained. 

2.  That,    to    this    end,    the    Committee    appointed    by    the 

Yorkshire  Geological  and  Polytechnic  Society  desires 
to  carry  on  the  work  as  heretofore  by  means  of  its 
own  members,  and  to  present  an  abstract  of  the  work 
done  to  the  British  Association  Meeting  at  Bradford, 
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throuiih  the  Secretar}*  of  the  B.A.  G^nimittee  for  ^ 

Investii^tion  of  the  Underj^nrouncI  Water*  of  Cr»Ta; 

and  that  the  complete  report,  fully  illustrated,  be  pib- 

lishe<i  in  the  Proceeding  of  the  Yorkshire  Geolopcd 

and  Polvtechnic  sSocietv. 

In    reply    t<>    these    resolutions    the    Sub-Committee  ncmk 

vtTv    kind    communications   from    Professor  W.  W.  Watts*  ILt, 

F.«i.S.,   the    Chairman   of   the    B.A.    Committee,   agreeing  to  d» 

'Hiiirirt'^tiruis    of    the    Sub-Committee,    and    promising   very  oonfiil 

ci»-»»|»eration     in     th(»    carrying    out     of     the     scheme    of   foithff 

invf^Ti:^atiuns. 

Si*v»M"a]  nuvtiiiijs  of  the  Sub-Committee  were  held  for  the 
(IraftiiiLT  »if  the  tinal  report  on  the  Malham  investi^tioas  ^luA 
\v;i<  i--util  with  the  Proceedings,  Vol.  XIV.,  Part  I.,  faDj 
illn-tr;irf'l. 

Tilt'  C'oiHicil  tender  their  heartiest  thanks  to  the  memoen 
of  liii^  Sul)-Coinmittee,  who,  at  a  considerable  expenditure  of 
till:''  aM«l  thought,  have  s<j  successfully  completed  the  ivciffd  d 
lit*'^'-   ii:*»Mv<ting  investigations. 

At  riit'  Spring  Council  Meeting  the  cori*espon<4ence  betwoa 
tin'  MaliKim  Suh-Conimittce  and  Professor  Watts  wa.s  ref>orw4 
Mil,  a!ii  rlit-  irrant  <»f  £tO  bv  the  Dover  Meeting  of  the  Briti4 
A^^'K-iatioii  was  announce<l.  Tlie  Council  i-esolveil  that  tlie  work 
ot  iii\.'-^ti'_ratiiii:  the  und(*rground  waters  of  IngIelx»rough  sIkwiW 
1):'  .  •innk'noed  forthwith,  the  problem  being  tackle<l  tirst  fixai 
the  Ciapham  **i<lo,  and  tlie  investigations  to  commence  vith 
<»a]>inir    (Jhyil. 

A  larirt'  and  rej)res<*ntaive  Committee  was  appointed  to  W? 
charirt'  <'t  this  work  in  conjunction  with  the  Committee  appointed 
by   th«'    lUitish  .Vssociation,  all  of  whose  members  wei'e  electe<U* 
llir    Yoik^hin'    (ieoloi^ical    and    Polytechnic    Society's    Committee. 
The    tollowini'    gentlemen    were    elected    to    serve    on    this   C*>ni- 
niittee:   Me.vsrs.    K.    Calvert    (lUixt^m),    J,    W.    Tate    (Ingleton). 
J.   A.    Faner,  J. P.   (Claphani),  J.  A.  l^an,  C.  \V.  Fennell,  F.G.J?. 
(WakelieM),    W.    Ackroyd,    F.F.C,    J.    H.    Howarth,    F.G.S.,  W. 
SinipMui.    F.G.S.    (Halifax),    (r.    Bingley,    F.    W.    Branson,   F.I.C.. 
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A.  Burrell,  F.I.C.,  S.  W.  Cuttriss  (Leeds),  R.  Law,  F.G.S. 
ipperholme),  J.  J.  Wilkinson  (Skipton),  J.  E.  Wilson  and  F. 
rann,  B.Sc.  (Ilkley),  J.  W.  Handby  (Austwick),  Dr.  W. 
urshall  Watts  (Giggleswick),  and  Rev.  G.  H.  Brown  (Settle). 

The  Committee  met  at  Clapham  on  April  27th  and  28th, 
d  again  on  June  8th.  The  following  report  was  presented  to 
3  Geological  Section  of  the  British  Association  at  Bradford, 
Mr.  A.  R.  Dwerryhouse,  F.G.S. : — 

**The  Committee  is  carrying  out  the  investigation  in  con- 
action  with  a  Committee  of  the  Yorkshire  Greological  and 
>lyt€chnic  Society. 

**The  present  is  merely  an  interim  report,  as  the  work  is 
11  in  progress. 

"It  was  decided  that  the  work  should  consist  of  an  investi- 
tion  of  the  underground  flow  of  water  in  Ingleborough.  This 
U  forms  with  its  neighbour,  Simon's  Fell,  a  detached  massif, 
lich  is  peculiarly  suitable  for  investigations  of  this  nature. 

"The  summit  of  the  group  is  formed  of  Millstone  Grit,  then 
How  Yoredale  shales  and  sandstones,  the  whole  resting  on  a 
ftteau  of  Carboniferous  Limestone. 

"Many  streams  rise  on  the  upper  slopes  of  ihe  hills  and 
►w  over  the  Yoredales,  but  without  exception  their  waters  are 
'allowed  directly  they  pass  on  to  the  Carboniferous  Limestone, 
reappear  as  springs  in  the  valleys  which  trench  the  plateau. 

"The  Committee  first  turned  its  attention  to  tracing  the 
iter  which  flows  into  Gaping  Ghyll  hole. 

*'  It  was  generally  believed  that  the  water  issued  at  a  large 
ring  immediately  above  the  bridge  at  Clapham  Beck  Head  and 
imediately  Idow  the  entrance  to  Ingleborough  Cavern. 

"On  April  28th  specimens  of  the  water  from  this  spring 
3re  taken  for  analysis  before  the  introduction  of  any  test. 

"Two   cwt.   of   ammonium    sulphate    was   then   put   into    the 

iter    flowing    into    Gaping    Ghyll,    and    at    the    same    time    the 

Qount  of  the  water  was  gauged  and   found  to  be  equivalent  to 

J  1,856  gallons  per  diem.      A  few  hours  later  a  second  quantity 

two  cwt,  of  the  same  substance  was  introduced. 
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**()ii  the  same  day  IJ  lb.  of  fluorescein  in  alkaline  "^JalM 
was  put  into  a  pot-ht)le  known  as  I»ng  Kin  East,  aboat  \M 
yards  north-east  of  Gaping  Ghyll. 

"In  view  of  the  important  influence  which  the  dimti«trf 
tho  joints  in  the  limestone  had  been  found  to  exercise  uiw  tie 
flow  of  un<lerground  wat«r,  the  direction  of  the  ']oiai<  in  ikt 
limestone  clints  in  the  neighbourhood  of  Long  Kin  East  ns 
taken,  and  was  found  to  lx>  N.N.W.  to  S.S.K.,  and  to  na  ai 
such  a  direction  as  to  lead  to  the  probability  that  the  Tihr 
would  reappear  at  the  springs  at  the  head  of  Austwick  Beck, 
and  these   were  conseciuently  watched. 

"The  ammonium  sulphate  put  in  at  Gaping  Ghyll  rvajfe^pd 
at  the  large  spring  at  Clapham  Beck  Head  on  the  moniing  i 
May  *h*d,  and  continued  to  flow  until  the  evening  of  May  6tk, 
when  the  water  again  became  normal.  Thus  the  time  ucca|«4 
by  the  ammonium  sulphate  in  travelling  from  Gaping  Ghyll  to 
Clapham   I^'ck   Head,  a  distance  of  one  mile,  was  abcmt  five  diji 

*•  Xo    ammonium    sulphate    was    found    in   any  of  the  olbff 
spiiiigs  in   Clapdale. 

"This  result   proved    Ix'yond    doubt    that   Gaping  Giiyil  *is 
Connected   with  Clapham  R^ck   Head. 

"  Tiie  fluorescein  put  in  at  Long  Kin    East   showed  it^elt  tt 
Austwick  r>eck  Head,  but  not  at  any  of  the  neighbouring  j'prings 
on    May    lltii,    having    taken    over    thirteen    days    to   travel,  the 
delay   being  pi'obably  due   to   the  small    amount  of  water  flovinj 
at  the  tim(»  of  the  experiments. 

" These  lesults  are  of  considerable  importance,  a.s  thf 
d<-tiiiitt^ly  reveal  two  lines  of  divergent  movement  of  the^*  umki 
giuund  waters,  and  indicate  a  subterranean  wat^rshecl  of  nmc 
inteiest.  The  influence  of  the  master-joints  of  the  CarhouiieaM 
Limestone  in  determining  the  direction  of  flow  of  the^»e  uwlt 
ground  waters  was  also,  as  at  Malham,  clearly  shown. 

"The  next  set  of  experiments  was  carried  out  by  the  j'»i 
Committee  on  June  8th  and  following  days. 

"  In  order  to  couHrm  the  results  in  connection  with  t 
Gaping    Ghyll    to    Clapham    Beck     Head    flow,    and    further 
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xrtain  more  definitely  if  there  existed  any  connection  between 
mng  Ghyll  and  the  smaller  springs  in  Clapdale,  10  cwt.  of 
Knon  salt  was  put  into  the  waters  of  Gaping  Ghyll  on  June 

and  a  further  10  cwt.  on  June  5th,  samples  of  the  water 
:m  each  of  the  springs  being  taken  several  times  a  day  until 
e  25th. 

"One  pound  of  fluorescein  in  alkaline  solution  was  introduced 

the  stream  flowing  through  Ingleborough  Cave  on  June  8th, 
L  0  p.m.,  at  the  point  where  the  water  plunges  down  a  hole 
t^he  floor  of  the  cave,  and  marked  *  Abyss'  on  the  6-inch 
siance  map. 

"Five  cwt.  of  ammonium  sulphate  was  introduced  into  a 
^  on  the  allotment  about  500  yards  N.E.  of  Long  Kin  East 
June  9th,  at  3  p.m.;  and  at  3.15  p.m.  on  the  same  day  1  lb. 
fluorescein  in  alkaline  solution  was  poured  into  the  stream 
C2h  flows  past  the  shooting-box  on  the  allotment  and  sinks 
*  the  Bench  Mark   13201. 

"The  fluorescein  introduced  into  the  abyss  came  out  of 
kpham  Beck  Head,  and  possibly  at  Moses  Well  and  other 
ings  in  Clapdale,  but  this  point  requires  further  investigation, 
5  evidence  being  as  yet  somewhat  unsatisfactory. 

"The  salt  from  Gaping  Ghyll  appeared  at  Clapham  Beck 
jad  on  June  15th,  16th,  17th,  18th,  19th,  20th,  and  2l8t, 
ing  at  its  maximum  on  June  18th,  but  not  at  any  of  the 
ler  springs. 

"The  ammonium  sulphate  put  into  the  sink  on  the  allotment 
)eared  at  Austwick  Beck  Head  on  June  22nd,  the  other  springs 
the  neighbourhood  being  unaffected  on  that  day ;  but  on  the 
;h  aiul  25th  there  were  slight  increases  in  the  amount  of 
monia  in  two  small  springs  in  Clapdale,  viz.,  the  small  spring 
ow  Clapdale  Farm  and  Cat  Hole  Sike.  As  one  of  these 
sams  is  close  to  the  farmyard,  and  the  other  was  at  the  time 
Lrly  dry  and  flowing  through  pasture-land,  no  importance  is 
ached  to  these  slight  increases. 

"Of  the  fluorescein  put  in  below  the  shooting-box  no  trace 
;    since   been   found,  and    the   same   is   the  case  with  J  lb.  of 
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L-r-:   \>:.-   "n'.u^    intnuluceii    into    Grev    Wife   Sike,  aWe  Xefiir 

■•>•-. t-r.i:  iii'M  interesting  pn>bleuis  still  await  soljiiofl  a 
:...-  ..r-fc-  ■•::r  ^-f  them  Vviuj:  the  relations  of  the  ^>i]ufian  Air 
A...  '..  -:.  :-r'.>.*>  :h^  Curbuniterous  Limestone  of  thepIatrtaH 
:  .-    r    .»   ■  :  u:iier;:n.»und  wattr. 

"T  .1'  :w..  xinks.  Gaping  (ihyll  and  Lt»ng  Kin  Eisia 
!..  .■•■-:  '..^>'>J  yanl<  a^Kirt,  and  yet  the  waters  of  the « 
r^.'-w-  .  iip-.vTi-m  ijuite  di'^tinct  fnvn  those  of  tho  Ar.  iii 
■:■.-:.:.:...)  .^n'-ru'e  i»  a  Nejianite  valley,  the  distam-e  i)etw«il4i 
-::.:.,-  •::.,;  i '.  iiii ie^  apa rt ,  the  great  mass  of  CarlwDiwoB 
L.:..--^:- :.•■  k:.'»uii  ii«»  NurlxT,  a  hill  upwartis  of  l,30l*  feet  ii 
:.-  .^:.:,   .v:!.j  !ie:>vtvn  the  two  vallevs. 

••  l::  L'ruiiiinaok  l>ale  it  is  seen  that  the  Silurian  rjek>  fan 
.■»  : !  .^v  :  MM.iv.::  in  an  approximately  X.W.  and  S.L  diiwtin 
..:.  :    ;:.    •:..:• -rnia^'v  overlain  bv  the  Carboniferous  Limesuoe. 

*  I:  :'..:s  Hno  ih?  o»niinue«l  it  sej>arates  the  Gapiii;,'^W» 
C;i:  ii.r.i:  IVvk  Head  t1i>\v  fnmi  that  of  Lonjr  Kin  Ei-^t  • 
A  > :  ^^ :  k  k    1  kv k   H  ead . 

•T:.-.;-  i:  apjvars  tliat  this  ridije  of  Silm-ian  n.>ck>f"nK* 
v.r.i'-.i::-  :'.■:  Wiitrr-jvirtiiii:,  which  the  Commitlw  hupe:>  to  U?** 
t  •  ::..v»'  !  •:•  ;i  loU'-ideninle  distance  across  the  area. 

•*ri:»'  iiiau'iiitinle  of  this  undertakini:  will  be  to  vnie  eOT 
irali^^' i  N^iitii  it  i^  ^tatetl  that  uj>wanls  of  400  sample^  <'t  ^JK^ 
ha\t'  «'«»n  t»"-titl  f«»r  eunimon  sidt,  ammonium,  and  iiu«>ivs."Oi» 
iiiakiiiL.    ill  all   upwards  of   1,L^00  tests. 

"Tin-   wiinle  4»f   th«»  grant   of  £40  has   btHjn  spi*ut  upon  ** 
invi-xtii^atii'n.  and  a   Muall  sum   in  addition. 

"Thr    t'.\}»t'rim«Mjts   which    have    l.>een   carrieil  out  have  is*" 
cat«'d    which   arc    tljc   most    suitable   ivagents   for   um.*  iu  A\u^ 
ca^c-,  ami   it    is  con<e«jucntly  hopeil  that  futuiv  investi'jPiti"i»"*^ 
l>c   carried    out  at   rather  less  cost    than  has  been  the  ca^u^^ 
tiic   ]»i'<*v('nt. 

Tlic  C4)uiiniticc  was  reappointed,   with  a  gnint  of  J^oO. 

At    thr    Mcctinir   t)t    the    Committee    at    Clapham,   on  A\)ri 
27th,  it    was    resolve* i    that    the   following    Sub-Committee  s\v*uiA 
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'mpowered  to  make  arrangements  for  further  investigations : — 
Bfs.  J.  H.  Howarth,  F.G.S.,  P.  F.  Kendall,  F.G.S.,  C.  W. 
lell,  F.G.S.,  J.  A.  Bean,  F.  W.  Branson,  F.I.C.,  W.  Ackroyd, 
J.y  A.  R.  Dwerry house,  F.G.S.,  and  W.  Lower  Carter,  M.A., 
S.   (convener). 

During  the  year  1899  reports  had  been  received  of  the 
isfactory  way  in  which  the  finds  obtained  from  the  Grass- 
a.  Explorations,  organised  by  this  Society  in  1892,  were 
d,  and  the  great  danger  there  was  of  their  serious  injury. 
ZJouncil  resolved  that,  if  no  suitable  and  safe  locality  could 
"ovided  in  Grassington  for  their  reception,  the  collection 
i.  be  removed  to  Leeds  and  placed  in  the  care  of  the  Leeds 
sophical  and  Literary  Society.  It  was  subsequently  found 
"tihe  Grassington  Parish  Council  were  willing  to  provide  a 
►le  place  in  their  hall  for  the  case,  and  accordingly  your 
-il  offered  the  finds  to  the  Parish  Council  as  a  gift  on  the 
bions  that  they  would  have  them  locked  up  and  properly 
for,  and  would  give  the  Yorkshire  Geological  and  Poly- 
ic  Society  re^y  access  to  them.  In  reply  the  Clerk  of  the 
ington  Parish  Council  wrote  stating  that  the  case  and  its 
nts  were  in  a  satisfactorv  condition  and  under  the  control 
i€  caretaker,  and  that  they  would  be  at  our  Society's 
ire  for  inspection  at  any  time. 

During  the  year  there   have  l^een  elected  three  life  members 
16     subscribing     members,     making     a     total     of     19     new 
>€rs    for    the   year. 

On  the  other  hand,  we  much  regret  to  report  the  loss  of 
h1  members,  some  of  whom  have  had  a  long  and  honourable 
Action  with  our  Society.  At  the  Clitheroe  meeting  we  had 
icord  the  decease  of  Mr.  Richard  Reynolds,  F.G.S.,  of  Leeds, 
vras  elected  a  member  of  our  Society  in  1864,  had  been  a 
ber  of  its  Council  for  thirty  years,  and  a  Vice-President 
i  the  year  1894.  At  the  same  meeting  we  received  the  news 
he  death  of  Mr.  J.  McLandsborough,  F.G.S.,  F.R.A.S.,  of 
iford,  who  had  been  a  member  of  our  Society  since  1853. 
28  of  deep  regret  and  sincere  sympathy  were  passed,  and  the 
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?»=».rr:Ar7  s?e:  x  suitable  letter  to   the   relatives  of  each  d  t^ 
y*z  tr.-.t5*e  ^i>»  lukre  been   connected   with  the  SocietTfora 

0 

>b  czrrT  r^erivO.  bat  whose  names  we  shaU  miss  from  our  nl 
■rr.'z  i-?rT  r^,n^*  are  the  late  Messrs.  E.  Slater,  of  Farskr,  ni 
J  ".n  Y  -ir^  Sb«>rt.  of  Thirsk.  These  losses  together  with  im 
pr-:^.i::  r.s  '.-eaTe  the  pressent  roll  of  members  at  182,  i  aet 
j:k::.      f   11   d^irin^  the  vear. 

T:.-  Rrv.  W.  Lower  Carter,  M.A.,  F.G.S.  was  ftppomted 
:>.-?  Kr-r  re>e?i:atiTe  Governor  of  the  Yorkshire  Coll^  ui 
Mr.  W:;;iaai  Gn?ir«*:»n.  F.G.S.  the  Delegate  to  the  Correspoodiif 
>•>•:'?•: :^-^    0>niaii:tee  *"»f  the  British  Association. 

Tr.-  H->n.  Secretary  ha^i  the  honour  of  being  appointed  m 
.  :  :..r  >e":rv:Ar:e!i  of  Section  C  (Geolc^-)  at  the  Bradford  meetqg 
of  ::  -  r»r:::<h  Association ;  and  \~aluable  papers  on  local  gwlogf 
we>     •  :::r:^u:e»i  by  several  of  our  members. 

T:.-?  I  Man  of  £Xm)  to  the  Halifax  Corporation  fell  doe  far 
rrx.vT— r-:.:  vn  l>t  April.  1900,  but  an  offer  received  for  in 
Prr.eTaAl  f-r  five  year>  at  3  per  cent,  was  accepted  by  Ae 
C  ::::::. 

T!  -  Coui-.oil  reo»>mmend  the  following  arrangements  for  the 
r-r-.-rr.i.   Mi-n-tii'.ijs  and  Field   Elxcursions  of  1901  : — 

I-rvburi; — tor  Wenslev«lale- 

Kr<-.v:ok — to  examine  the  n.»cks  in  ifitu  from  which  numerw 
Y'-rkshire  erratics  have  been  derived. 

A:.::u;il   Meeting — Bradford. 

<»v.r  Pnveeiiinffs  as  usual  have  been  forwarded  to  leiding 
Sf^ientino  Sx-ieties  in  various  parts  of  the  world,  and  puWki- 
tion-  in  exchanire  have  been  received  from  the  followiii? 
N»L*ieiie<  : — 

British  Ass«^.idlit.>n. 

K«>val  Dublin  S<»cietv. 

Fl'Aal  <ieographical  S<tciety. 

Royal  .Sx'iety  of  l*Minburgh. 

Royal  Physical  Society  of  Edinburgh. 
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Royal  Society  of  New  South  Wales. 

Department  of  Mines,  Sydney,  N.S.W. 

Department  of  Mines,  Adelaide,  S.  Australia. 

Nova  Scotian  Institute  of  Science. 

Royal  Institution  of  Cornwall,  Truro. 

Bristol  Naturalists'  Society. 

CSambridge  Philosophical  Society. 

Essex  Naturalists'  Field  Club. 

Edinburgh  Geological  Society. 

Geological  Association,  London. 

Geological  Society  of  London. 

Leeds  Philosophical  and  Literary  Society. 

Liverpool  Greological  Society. 

Liverpool  Geological  Association. 

Hampshire  Field  Club. 

Hull  Geological  Society. 

Herefordshire  Natural  History  Society. 

Manchester  Geological  Society. 

Manchester  Geographical  Society. 

Manchester  Literary  and  Philosophical  Society. 

Nottingham  Naturalists'  Society. 

University  Library,  Cambridge. 

Yorkshire  Naturalists'  Union. 

Yorkshire  Philosophical  Society,  York. 

American  Philosophical  Society,  Philadelphia,  U.S. A. 

American  Museum  of  Natural  History,  New  York,  U.S.A. 

Academy  of  Natural  Sciences,  Philadelphia,  U.S.A. 

Brooklyn  Institute  of  Arts  and  Sciences. 

Boston  Society  of  Natural  History,  Boston,  U.S.A. 

Kansas  University,  Lawrence,  Kansas. 

Wisconsin   Geological    and    Natural   History   Survey,   Madison,   Wis., 

U.S.A. 
Geological  Survey  of  Minnesota,  Minneapolis,  Minn.,  U.S.A. 
Chicago  Academy  of  Sciences. 

Museum  of  Comparative  Zoology  at  Harv^ard  College,  Cambridge,  Mass. 
New  York  Academy  of  Sciences,  New  York. 
United  States  Geological  Survey,  Washington,  D.C, 
Elisha  Mitchell  Scientific  Society,   University  of  N.  Carolina,  Chapel 

Hill,  U.S.A. 
New  York  State  Library,  Albany,  U.S.A. 
Wisconsin  Academy  of  Sciences,  Arts,  and  Letters. 
Smithsonian  Institution,  Washington,  D.C. 
O 
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L'AcJvlemie  RovAle  Sutdoise  des  Sciences,  Stockbolm. 

S^  iet-  Imperiale  Miiseralogiqiie  de  St.  Petersburg. 

S»:iet«-  ImperiAle  des  Xaniraliite«.  Moscow. 

O.tmii'.  <W:«flogi4ne  de  la  Rusne,  St.  Petersburg. 

Iri*T:ti:'."  t'iei>kitfi«i  dr  Mexico. 

S.*  ;«ila'i  Cientinca  "Antonio  Alzate/''  Mexico  City. 

Austrah^n  Museum.  Svdni-v. 

Au<  rail  ail  A>soL-iatioD  for  thtr  Advancement  of  Science.  SvdneT. 

X at  aril  Hisivrx'  S.>:ielv  of  Xew  Brunswick. 

L'A.^iilvmif  Royalr  «les  Sciences  et  des  Lettres  dc  Daneinaii,  Capa- 

ha*raf. 
K&iserli.he     Leop'jM-Can.il.    Deutsche    Akademie    der    Xaturibnck; 

H.*lIv-a-Saalf. 
G»>'lt>*r.  jl  Institution.  R4>yal  University  Library,  UpsaU. 
Iij-l^-hAl  University  of  Tokyo,  Japan. 
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BECORD6    OF    MEETINGS. 

MiTiiftfj  or'  rA<  Vnderyround  Waters  JSub-Committei^  Hilifu 
14th  November,  lS9i». 

Chairman  : — Mr.  P.  F.  Kendall,   F.G.S. 
Pre><-ni : — Messrs.     F.    W.     Branson,     W.    Ackroyd,  J.  B 
How  Art  li,  W.  L.  Carter  (Secretar\'),  and  Mr.  A.  R.  Dwerrdwas 
iSeorerary  i.»f  the  B.A.  Committee). 

The  minute*  of  the  previous  Committee  Meeting  were  m 
anvi  o^-nlirmeti. 

The  Chairman  reported  that  an  excellent  reception  ti 
aix^'nievi  ti»  the  interim  report  at  the  Dover  meeting  oi  tl 
Briri-h  Association,  and  that  a  grant  of  £40  had  been  tos 
to>»;irii>  the  exj^»enses  of  continuing  the  investigations. 

The     following     B.A.    Committee    had     been    appointed 
>ujx^riiitviid  the  expenditure  of  this  grant : — 

Ciiiiirman  :  Professor  W.  W.  Watts,  M.A.,  F.G.S. 
Svivtarv :  Mr.  A.  R.  Dwerrvhouse,  F.G.S. 

Prv»fessor  A.  Smithells,   B.Sc.,  F.I.C. 
Rev.  E.  .Tones,  F.G.S. 
Mr.  Walter  Morrison,  J. P. 
Mr.  George  Bray. 

Rev.  W.  Lower  Carter,  M.A.,  F.G.S. 
Mr.   W.   Fairlev,  F.I.C. 
Mr.   P.   F.   Kendall,  F.G.S. 
Mr.  J.   E.  Marr,  M.A.,  F.R.S.,  F.G.S. 
A    leiiiTthv    conversation    was    then    held    as    to   the  1 
prosecution  of  tlie  investigations,  and  as   to    the    relation  o 
B.A.    Commit  tee    to    the    Committee    of    the    Yorks.   Geol 
Polytec.    Soc.      It    was    unanimously    felt    that    the   memb 
tlie    Yorks.    Geol.    and    Polytec.    Soc.    would    expect    the  i 
gations    to    be    carried    on    as    heretofore   in    their   name  a 
their    Committee.      It    was    represented    that    it    would   be 
possible   for   the   Yorks.   Geol.   and    Polytec.    Committee  to 
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the  work  and  present  a  report  to  the  Bradford  meeting 
i;he  B.A.,  through  Mr.  Dwerryhouse,  the  Secretary  of  the 
^.  Committee ;  reserving  to  the  Yorks.  Geol.  and  Polytec. 
-  the  right  to  publish  the  full  illustrated  report  in  their 
B.    Proceedings. 

In  order  to  avoid  any  misunderstanding  on  this  matter  the 
owing  resolutions  were  proposed  by  Mr.  W.  Ackroyd  and 
>nded  by  Mr.  J.  H.  Howarth,  and  carried  unanimously.  The 
■retary  was  instructed  to  forward  copies  of  them  to  Professor 
•'tis  through  Mr.  A.   R.  Dwerryhouse. 

Resolved — 

(1)  That  the   Yorkshire   Geological    and    Polytechnic    Society 

having  commenced  the  work  of  investigating  the 
underground  waters  of  Craven,  and  having  completed 
an  important  section  of  that  work,  desires  to  continue 
the  investigations  and  to  be  credited  with  the  results 
obtained. 

(2)  That  to  this  end  the  Committee  appointed  by  the  York- 

shire Geological  and  Polytechnic  Society  desires  to 
cairy  on  the  work  as  heretofore  by  means  of  its  own 
members  and  to  present  an  abstract  of  the  work  done 
to  the  B.A.  Meeting  at  Bradford,  through  the  Secre- 
tary of  the  B.A.  Committee  for  the  Investigation  of 
the  Underground  Waters  of  Craven;  and  that  the 
complete  report,  fully  illustrated,  be  published  in  the 
Proceedings  of  the  Yorkshire  Geological  and  Poly- 
technic Society. 

The  final  report  of  the  investigations  at  Malham  was  then 
isidered.  Mr.  J.  H.  Howarth  read  the  Introduction  which  he 
d  prepared,  which  was  adopted  with  slight  modifications. 

Mr.  P.  F.  Kendall  was  requested  to  amplify  the  geological 
)ort  for  publication,  and  to  draft  general  conclusions,  with  the 
operation  of  Messrs.  J.  H.  Howarth  and  A.  R.  Dwerryhouse, 
1  to  submit  the  complete  report  to  another  meeting  of  the 
mmittee. 
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Mpeting  of  the   Utiderground   Waters  SufhCommittet,  HaliLi 
•Jincl  March,   1900. 

Chairman : — Mr.  J.  H.  HoWarth. 

Present : — Messrs.  P.  F.  Kendall,  W.  Ackroyd,  W.  L  Cirw 
(Secretary),  and  Mr.  A.  R.  Dwerryhouse. 

The  minutes  of  the  previous  meeting  of  the  Committee  »<w 
nuid  mid  confirmed. 

Letters  of  regret  for  non^ttendance  were  read  from  MiWi 
J.  A.   l^n,  C.  W.  Fennell,  and   F.  W.   Branson. 

Mr.  P.  F.  Kendall  reported  that  he  had  not  yet  been  vk 
to  cuniplete  the  geological  section  of  the  Report,  but  hoped  ^ 
have  it  ready  for  the  next  meeting.  He  desired  the  niniiB 
results  at  Malham  Tarn  for  the  two  mouths  preceding  Mwi 
Morrison  and  Tat«*8  experiments  in   1879. 

The  Secretary  presented  an  account  (£2  IDs.)  from  Mr. 
Towiisend,  of  Malham,  for  expenses  in  collecting  and  for^ardiil 
samples  of  water  for  analysis.     This  was  passed  for  pavmenl 

Mr.  A.  11.  Dwerrvhouse  and  the  Secretary  read  letters  fra 
Prof(»ssor  W.  W.  Watts  offering  very  cordial  co-operation  in  At 
carryini;  out  of  further  investigations,  and  making  suggestioB 
for  tlu'  conduct  of  the  work. 

AfttT     careful     consideration    of     these    suggestions  it  »* 

uiuiiiimouslv  resolved : — 

( 1 )  That  tlie  investigations  round  Ingleborough  should  t 
carried  on  under  the  supervision  of  a  Committee  i 
l)e  apjwinted  by  the  Yorks.  Gteol.  and  Polytec.  Sot 
and  that  the  B.A.  Committee  supervise  the  expeac 
ture  and  present  a  report  to  the  Bradford  Meetin 
The  full  report  to  be  published  in  the  Proceedin 
of  the  Yorks.  Geol.  and  Polytec.  Soc. 

(*J)  That  only  one  set  of  accounts  be  kept,  and  that  t 
B.A.  grant  l)e  supplemented  by  local  subscriptions 
Ik*  raised  by  the  Yorks.  Geol.  and  Polytec.  Soc. 
found  necessiiry. 
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(3)  That  all   the   members  of  the   B.A.  Committee   for  the 

Investigation  of  the  Underground  Waters  of  Craven 
be  appointed  members  of  the  Yorks.  Geol.  and  Polytec. 
Committee. 

(4)  That  the  investigation  of  the  Ingleborough  area  be  com- 

menced by  the  examination  of  the  stream  flowing 
into  Gaping  Ghyll, 

(5)  That  Mr.  E.  Calvert  (Buxton),  Mr.  J.  E.  Tate  (Ingleton), 

and  Mr.  J.  A.  Farrer  (Clapham)  be  nominated  as 
members  of  the  Committee. 

(6)  That  the  Secretary  of  the  Yorks.  Geol.  and  Polytec.  Soc. 

be  the  Secretary  of  the  Investigation  Committee. 


Council  Meeting,  Philosophical  Hall,  Leeds,  29th  March,  1900. 

Chairman : — Mr.  F.  W.  Branson. 

Present : — Messrs.  W.  Ackroyd,  C.  W.  Fennell,  J.  E.  Wilson, 
,  W.  Stather,  G.  Bingley,  J.  J.  Wilkinson,  P.  F.  Kendall,  E.  D. 
Tellburn,  J.  T.  Atkinson,  W,  Cash,  and  W.  L.  Carter  (Hon.  Sec.). 

The  minutes  of  the  previous  Council  Meeting  were  read  and 
^nfirmed. 

Letters  of  regret  for  non-attendance  were  read  from  the 
ev.  E.  M.  Cole  and  Messrs.  T.  H.  Mitchell,  H.  Crowther,  R.  Law, 
.  Reynolds,  and  W.  Gregson. 

Meetings  and  Field  Excursions. — The  question  of  the  General 
Meetings  and  Field  Excursions  in  1900  was  discussed  at  some 
[igth. 

Resolved : — 

(1)  That  the  first  General  Meeting  be  at  Clitheroe  on  May 

25th  and  26th. 

(2)  That   the  second   General   Meeting  and   Field    Excursion 

be  to  the  Cheviots,  on  July  13th  to  16th.  Mr.  P.  F. 
Kendall  to  be  invited  to  be  the  leader  with  the  co- 
operation of  a  local  geologist. 
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(3)  That  the  Annual  Meeting  be  held  at  Selbv  eirlr  ■ 
November,  the  local  arrangements  to  be  in  the  hadi 
of  Mr.  J.  T.  Atkinson.  A  morning  excursion  to  k 
arranged  to  Bra3'ton  Barff  and  Hambleton  HoofiL 

Vwl*'r(jround  Waters  Investigation. — Tlie  Hon.  Secretarr  rd 
the  minutes  of  the  Sub -Committee,  and  explained  the  vMk 
suggested  by  them  for  co-operation,  with  the  B.A.  Committet 

These  minutes  and  arrangements  were  confirmed. 

A    Committee  was   then    appointed   for  the   Inve^tigiwarf 
the   Underground   Waters  of  Ingleborough,  to  consist  of  the  tf- 
lowing  gentlemen: — Messrs.  Edward  Calvert  (Buxton), J. ^T* 
(Ingleton),  J.   A.   Farrer  (Clapham),  J.   A.    Bean  (Wakefidd), W. 
Ackroyd   (Halifax),   G.   Bingley   (Ijeeds),    F.  W.  Branson  (LmH 
C.   W.    Fennell    (Wakefield),  J.   H.    Howarth   (Halifax),  ^  I«» 
(Hipperholme),  W.  Simpson  (Halifax),  J.  J.  Wilkinson  (Skip«|, 
J.  K.  Wilson  (Dkley),  B.  A.  Burrell  (Leeds),  S.  W.  Cuttriss (Lwi*|. 
F.  Swann  (Hkley),  J.  W.  Handby  (Austwick),  Dr.  Watts  ((}i?^ 
wick),  and  Rev.  G.  H.  Brown  (Settle),  together  with  the  mmte* 
of  the  B.A.  Committee  for  the  Investigation  of  the  Undergwa* 
Waters  of  Craven: — Professor  W.  W.  Watts  (Birmingham\,^ 
A.  H.  Dwerryhouse  (I^eeds),  Professor  Smithells  (Leeds),  Mr. ^jiw 
Morrison  (Malham),  Mr.  G.  Bi-ay  (Tweeds),  Rev.  E.  Jones  (EmWyi 
Mr.  T.  Fairley  (Ix^s),  Mr.  P.  F.  Kendall  (Leeds),  Mr.  J.  E.  ^ 
(Cambridge),  and  the  Rev.  W.  L.  Carter  (Hon.  Secretary). 

British  Association. — The  report  of  the  delegate  to  the  C» 
responding  Societies  Committee  at  the  Dover  Meeting  (Mr.  ^• 
Grogson,  F.G.S.)  was  read  by  the  Hon.  Secretary. 

The  Kev.  W.  L.  Carter  reported  that  he  had  l>een  appointed 
one  of  the  Secretaries  of  Section  C  at  the  Bradford  Meeting. 

The  Secretary  read  a  letter  he  had  received  from  ]klr.  G.  ^ 
Lamplugh,  F.G.S.,  the  Recorder  of  Section  C,  with  reference  t' 
the  preliminary  arrangements,  and  asking  for  suggestions  fe 
papers,  itc. 

After  considering  the  matter  a  number  of  suggestions  ▼« 
made  as  to  papers  to  be  read  before  the  Geological  Section,  ai 
as  to  suitable  places  for  geological  excursions. 
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Vice-Presidents  arid  thf  Council. — The  Secretary  brouglit  for- 
the  recommendation  of  the  Annual   Meeting  that  the  Vice- 
ents   should   be   summoned   to   the  Council  Meetings.      He 
out  that  the  rules  of  the  Society  only  provided  for  one 
President    who    is   a    meml>er   of    Council,    but    that    several 
and   gentlemen   prominent   in    the    county    and    in    the 
world  had  been  elected  honorary  Vice-Presidents. 
lE'he  Council  approved  of  this  explanation  and  appointed  Mr. 
Reynolds,  F.C.S.,  as   the  Vice-President  to  have  a  seat 
e  Council  and  be  summoned  to  its  meetings. 
^rassimjtoji   Fiiids. — The    Secretary   read   a   letter    from    the 
*^*^^k:  of  the  Grassington  Parish  Council  notifying  the  safe  custody 
e  Grassington  Finds,  and  promising  free  access  to  them  by 
^3forks.  G  vol.  and  Poly  tec.  Soc.  at  any  time. 
3iesolved. — That  the  Secretary  write  to   the    Parish   Council 
ing   the   satisfaction   of   the   Council   of   the   Yorks.    Geol. 
Polytec.  Soc.  at  their  acceptance  of   the  custody  and  care  of 
£nds. 

Appointments — The  Rev.  W.  Lower  Carter,  M.A.,  F.G.S.,  was 

ted    the    representative    Governor    of    the    Yorkshire    CcJlege. 

-  W.  Gregson,  F.G.S.,  was  elected   the  delegate  to  the  British 

ciation  Corresponding  Societies'  Committee. 

Geological  Photographs. — The  Secretary  read  a  circular  from 

*lle  Geological  Photographs  Committee  of  the  British  Association, 

plt)posing   a   scheme   of   circulation   of   photographs  of   geological 

^  ^terest  for  educational  purposes.      He  reported  that  there  were 

duplicates   of   several    of    the    large    photographs    issued    by    our 

Society,  and  suggested  that  they  might  be  of  considerable  use  to 

the    Photographs    Committee    if    a    grant    of    some    copies    were 

made. 

Mr.  Kendall  inquired  whether  these  photographs  were  for 
sale,  as  he  should  like  to  procure  a  set  for  the  Yorkshire  College. 
Resolved: — That  a  set  of  the  large  photographs  in  stock  be 
presented  to  the  Yorkshire  College,  and  that  an  offer  of  several 
sets  be  made  to  Professor  Watts  for  the  use  of  the  Photographs 
Ck>mmittee. 
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Lt^an  to  the  Halifax  Cor]x>raiian. — The  Hon.  Secreiarr  : 
portefi  that  he  had  received  a  letter  from  the  Borough  Accoanii! 
of  Halifax,  ofTeriiig  the  renewal  of  the  mortgage  Xa  3,63t),  £•>% 
due  April  1st,  1900,  for  another  five  years  at  3  per  cent. 

The  Secretary  reported  that  he  had  consulted  the  Trwsara; 
the  Auditor,  and  some  other  members  of  Council,  and  on 
advice  had  accepted  the  offer  of  the  Halifax  Corporation. 

This  action  was  approved. 


MeHing  of  the  Underground  Waters  Sub-Commilifty  IM 
•29th  Marrh,   1900. 

Chairman  : — Mr.  F.  W.  Branson. 

Present : — Messrs.  P.  F.  Kendall,  W.  Ackroyd,  and  W.  L 
Carter  (Secretary). 

The  minutes  of  the  previous  Committee  Meeting  were  m 
and  confirmed. 

Mr.  P.  F.  Kendall  reported  that  the  geological  report  U 
Ijecome  considerably  extended,  and  would  be  completed  in  w 
course  of  a  few  days. 

The  question  of  the  Ingleborough  investigation  was  dl^coart 
and  it  was  arrange<l  to  call  a  meeting  of  the  full  Comantto* 
Clapliaui  on   April  27th  and  28th. 

It  was  resolved  to  purchase  a  copy  of  "  Irelande  et  CaW 
An«jlaises,"'  by  Mons.  E.  A.  Martel,  for  the  use  of  the  Coiunii^ 

It  was  resolved  that  two  or  three  six-inch  maps  ol 
Ingleborough  district  be  purchased,  and  that  a  map  on 
2r)-inch  scale  be  prepared  for  the  Bradford  meeting  of  the  B 
Association. 

Mr.  Branson  was  authorised  to  consult  the  chemists  o 
Committee  as  to  the  tests  to  be  applie<l,  and  to  arrange  foi 
preparation  and  conveyance  to  Clapham. 

It    was    suggested    that    a    supplementary    geologiciil 
should   be   made  at  Malhani    by    Mr.  Kendall,  to   ascertair 
important    data    with    regard    to    the    rock-structure,    «kc., 
district. 
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Meeting  of  the  Committee  for  the  Investigation  of  the  Under- 
Waters   of  Ingleborotigh,   New  Inn,   Clapham,   April   27th 
28th,  1900. 

Ohairman: — Mr.  J.  A.  Fairer,  J. P. 

IPresent: — Messrs.  F.  W.  Branson,  J.  H.  Howarth,  P.  F. 
R.  Law,  W.  Simpson,  J.  W.  Tate,  J.  J.  Wilkinson, 
.  Cuttriss,  E.  Calvert,  W.  L.  Carter  (Secretary),  and  several 
men  as  visitors. 
-April  27th. — The  members  dined  together  at  the  New  Inn, 
w  the  presidency  of  Mr.  J.  A.  Farrer.  After  dinner  a  meet- 
^as  held,  at  which  the  conditions  of  the  problem  were 
ssed,  and  the  best  methods  of  carrying  on  the  investigations 
.<iered.  It  was  resolved  to  test  Gaping  Ghyll  by  means  of 
<«nium  sulphate,  and  to  put  fluorescein  into  a  water-sink  east 
wiping  Ghyll. 

^pril  28th. — Specimens  of  the  water  for  analysis  were  taken 
the  principal  springs  in  Clapdale,  and  the  tests  were  intro- 
into  Fell  Beck,  just  above   Gaping   Ghyll,  and  into   Long 
East. 

At  a  meeting  at  the  dinner  table  it  was  resolved  that 
rs.  C.  W.  Fennell,  J.  A.  Bean,  F.  W.  Branson,  W.  Ackroyd, 
'.  Kendall,  J.  H.  Howarth,  A.  R.  Dwerryhouse,  and  W.  L. 
r  (Secretary)  should  form  a  Sub-Committee  to  arrange  for 
er  investigations. 


Meeting  of  the  Undergrouiid  Waters  Sub-Committee,  Bradford, 
y  17  th,  1900. 
Chairman  : — Mr.  J.  H.  Howarth. 

Present: — Messrs.    F.    W.    Branson,    P.    F.    Kendall,    A.    R. 
Dwerryhouse,  C.  W.  Fennell,  and  W.  L.  Carter  (Secretary). 

The    minutes   of   the    previous   Sub-Committee  Meeting  were 
read  and  confirmed. 

Mr.  P.  F.  Kendall  brought  up  the  geological  report  on  the 
Malham  investigations,  which  was  read  and  adopted.  Mr.  J.  H. 
Howarth  was  requested  to  draft  the  general  conclusions  of  the 
whole  investigation  for  adoption  by  the  Sub-Committee. 
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Mr.    Rninson    report€<l    on    the    analyses    of   the   samples  t- 
w.iu-r  n^^iveil  from  Clapham. 

Kfj-trt>   were  receivc<l   as    to   the    results  of   the  tt^ts  intre- 
iui.-- «L  i:i:«»  <5aj»iii::  Tihyll  and   Long  Kin   Blast,  and  the  pnxedw 
in  future  in\>*siivraik»ns  was  considered. 

Mr:*s«»rs.  F.  W.  Branson  an<i  W.  L.  Carter  were  authorised 
:o  I  ■!>■;<»>•  a  brief  statement  of  the  Clapham  experiments  to  diu; 
:•»  *f<»  i*i<U'-d  t«»  ihe  menib:*rs  of  the  Committee  and  to  the  R»v 


'/-•«•-»»/   Mfrtiti'j  and  Field   Excunfion,   Clitheroe,  May  25d 
iizA  •_'»'>: h.   11*<A». 

Ci:;iirm;in  :  —  Mr.  Joseph  Lomas,  F.G.S.,  of  Liverpool 

May  'jritli. — An  early  party  visited  the  noted  Crinoid  bed  in 

::.e   P;m  liL*«.>  quarr}*.      After  luncheon   the   members  proceeded  U 

\v:ij. ii.t-iie  i»ver  Waddington  Fell  to  Newton-in-Bowland.    Tbeoe* 

:':.»'    v.iiley    of    the    Hoilder    was    traversed    to    AVhitifwelL    .\a 

•  \  .!p.:!i;i:i'»n    was    nude    of   fos.siliferous    black    shales   in  a  littie 
..;::•.   luar   the  Suspension   Bridsje.      The  beautiful  gorge  of  d* 

H  -i'it  r.  with  it<  pretty,  grotto-like  tufa  formations,  was  vistai 
T:>.'  ivtiirn  i«^urnov  was  taken  bv  Basliall,  where  a  section  in  the 
jiva:   f^krr  was  examined. 

T::--    :iien.l>ei*<    dirieil    together   at    the    Swan    Hotel.    -Uttf 

•  lin:>r  tin*  Gent-nil  Meeting  was  held  under  the  presidency « 
Ml.   .lo^epii   L":nas   F.G.S. 

Tiu'  t«-il«»winfi:  new  nieml^rs  were  elected  : — 

Mr.   Frederick  Justen,  F.L.S.,  London. 

Mr.   S.   W.  Cultriss,   Leedsw 

Mr.  John  Hovle  Ash  worth,   Bradford. 

Mr.   Arthur  W.  C^^oke,  F.C.S.,  Kirkstoll. 

Mr.   Hiohanl  Murrav,  Leeds. 

Mr.   H.   M.   Robson,   Filev. 

* 

Mr.  J.  Ci*owther,   B.Sc.,   Halifax. 

Dr.  Wheel ti)!i   Hind,  F.G.S.,  Stoke-on-Trent. 

The   meetinir    hear«^l   with   the   deepest    regret  of  the  deoeis 
of    two   old    and    valued    members   of    the    Society — Mr.   Richir 
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tejnolds,  F.C  S.,  who  had  been  for  many  years  a  valued  member 
t  Council  and  a  Vice-President,  and  Mr.  J.  McLandsborough, 
LO.S.,  who  had  been  a  member  of  the  Society  since  1853. 
otes  of  deep  regret  and  sincere  condolence  with  the  relatives 
f  these  gentlemen  were  passed. 

An  address  was  delivered  by  the  Chairman  on  "The  Physical 
vi  Glacial  Greology  of  the  Clitheroe  District.*' 

A  paper  was  read  by  the  Rev.  W.  Lower  Carter,  M.A., 
.G.S.,  on  "The  Stratigraphical  Geology  of  Pendle  Hill." 

A  paper  was  communicated  by  Mr.  J.  R.  Mortimer,  entitled 
^otes  on  the  History  of  the  Driffield  Museum  of  Antiquities 
ad  Geological  Specimens." 

A  discussion  followed  in  which  Messrs.  J.  H.  Smith,  F.G.S. 
EVwiiham),  P.  F.  Kendall,  F.G.S.,  W.  Cash,  F.G.S.,  J.  Walsh, 
LSc.  (Blackburn),  and  J.  Weekes  (Clitl  eroe)  took  part,  and  the 
9mirnian  replied. 

May  26th. — Pimlico  quarry  was  visited  and  good  bags  of 
Msils  were  obtained. 

The  party  joined  the  wagonettes  at  the  Workhouse  and  rode 
y  Chatburn  and  Downham  to  Brast  Clough,  where  a  section  of 
he  Pendleside  Limestone  covei^ed  by  drift  was  seen. 

The  conveyances  were  rejoined  at  Worston,  Pendle  Nick 
ras  crossed  to  Sabden,  and  the  road  taken  along  the  valley  to 
Vlialley.  The  party  returned  by  conveyance  to  Clitheroe,  and 
fter  dinner  separated  with  heartiest  thanks  to  the  leaders, 
lessrs.  J.  Lomas,  F.G.S.,  and  J.  Walsh,  B.Sc,  for  their  able 
onduct  of  the  excursion. 


Meet  hit/  nf  the  Committee  for  the  Investigation  of  the  Under- 
rcntnd  Waters  of  Ingleborou^h,  New  Inn,  Clapham,  June  8th, 
900. 

Chairman  : — Dr.  D.  Forsyth. 

Present: — Messrs.  F.  W.  Branson,  W.  Ackroyd,  C.  W. 
i'ennell,  A.  R.  Dwerryhouse,  G.  Bingley,  P.  F.  Kendall,  T. 
i'airley,  F.  Swann,  R.  Law,  and  W.  L.  Carter  (Hon.  Sec.). 
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The  report  of  the  results  obtainecl  from  the  tests  inmM 
at  the  previous  meeting  was  considered  and,  with  one  or  tn 
alterations,  adopte<L  and  ordered  to  be  printed  and  drcokiad. 

The  Secretary  reported  the  arnin<^ments  made  br  ]lt 
Hranson  and  himself  for  the  conveyance  of  the  tests  to  Cktiaik 
He  alsi)  reporte<l  on  the  state  of  the  potholes  a.s  re?iealed  hf 
H  preliminary  survey  during  the  earlier  part  of  t^ie  d*j.  Ok 
ton  of  common  salt  had  l)een  put  into  Fell  Beck  just  abw 
Gaping  Ohyll  on  June  4th  and  5th. 

It   was  then  i-esolved  : — 

( 1 )    That    5    cwt.    of    ammonium    sulphate  be  put  into  toe 

stream    l)etween    Long    Kin    East    and   the  Himii« 

lk)x. 
(1*)  That  1  lb.  of  fluorescein  be  put  into  the  "abyss"  in  4r 

Tngleborough  Cave. 
(3)  That   1    lb.  of  fluorescein  be  put  into  the  Shooting  Box 

strt^am. 
(1)  That    i   lb.   of   methylene    blue    be   put    into  Grey  ^^rf^ 

Sike. 
Mr.    Gcxlfrey    Bingley    tiien    exhibite<J    a   number  <>f  p'lO*-^^ 
graphs  of   Malham,  and  a  selection   of  eight  views  was  made  w 
illustrate  the  Malham  i-eport. 


<it  iieral  MrctiiKf  and  Field  Excursion  to  Gilslaml  ;ind^c<ol? 
July    10th  to   17th. 

r.   Excursion  t()  the   Roman  Wall.     Leader: — Rev.  E.  Mi* 
Cole,   M.A.,   F.(;.S. 

July  lOtli.  -The  party  met  at  Gilsland  Spa  and  weut 
wagonette  to  view  the  camp  at  Birdoswald  (AmboglaniiaK 
Cooiiu'  Crag  (^Id  (juarries  with  Roman  inscriptions  wore 
ainiiKMl,  and  a  visit  was  paid  to  Lanercost  Abbev,  which 
built  of  materials  taken  from  the  Roman  Wall.  The  n 
jouriK^v  was  made  bv  wav  of  Xa worth   Park  to  Gilsland. 

July    lltli.    -TliM    party    drove    to    Housesteads    (B4>rc<» 
and     examined     tlu?     notal)le     ruins.      A     detour     was    ma*! 
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lolana,  on  the  Stanegate,  to  see  the  erect  Roman  milestone. 
t^e  return  journey  the  camps  of  ^sica  and  Magna  were 
ad,  and  the  line  of  the  Wall  followed  to  Thirlwall  Keep, 
b  was  built  of  stones  from  the  Wall. 

July  12th. — Train  was  taken  to  Hexham  and  the  Priory 
-^ch  visited.  Train  was  then  taken  to  Chollerford,  and  the 
Enent  of  the  Roman  bridge  over  the  North  Tyne  was  ex- 
u^xi.  After  luncheon  the  party  visited  the  ruins  of  Cilumum 
Miesters.  On  returning  to  Hexham  a  very  enthusiastic  vote 
:a  was  given  to  the  leader  for  his  interesting  descriptions 
:cellent  arrangements. 

Excursion  to  the  Cheviots. 

jr:— Mr.  Percy  F.  Kendall,  F.G.S. 
^uly    13th. — The    party   met   at   Wooler    and   visited    Carey 
^   in  the  afternoon. 

J'uly  14th. — The  members  drove  to  Langleeford,  in  Harthope 
»,  where  they  divided  into  two  divisions.  One  division  ex- 
fc.^  the  stream  sections  and  found  excellent  junctions  of  the 
lite  and  porphyrite.  The  other  division  ascended  Cheviot  and 
coined  the  granite  exposures  and  the  patch  of  porphyrite  at 
north  side  of  the  summit. 

The  General  Afeetiny  was  held  at  the  Cottage  Hotel,  Wooler, 
er  the  presidency  of  Mr.  G.  G.  Butler,  M.A.,  F.G.S.,  of  Ewart 
fe,  Wooler. 

The  following  new  members  were  elected : — 

Mr.  W.  G.  Stansfield,  Ilkley. 
Mr.  J.  Norton  Dickons,  Bradford. 
Dr.  D.  Carmichael,  Gosforth. 
An  address  was  delivered  by  the  Chairman. 
A  paper  was  read  by  Mr.  J.  W.   Stather,  F.G.S.,  on  "The 
alders    in    the    Drift    Deposits    of    East    Yorkshire   and    their 
itribution." 

An  address  was  given  by  Mr,  P.  F.  Kendall,  F.G.S.,  on 
ats  noted  during  the  excursion  in  connection  with  the  geology 
the  Cheviot  Hills. 


310  RECORDS    OF    MEETINGS. 

A  rli^^^ussion  followed,  and  the  meeting  condaded  with  tuSb 
of  thaiik<  to  the  Chairman  and   the  readers  of  papen^. 

July  16th. — The  party  drove  to  Koddam  Dene  and  toiW 
up  tlu^  stream  to  see  the  basement  Carboniferous  condownl^ 
in  a  heavv  thunderstorm.  After  luncheon  at  Calder  FanDSO* 
of  the  party  went  direct  to  Ingram,  whilst  othere  crossd  tk 
luooiN  to  the  Breamish  vallev  to  examine  some  fine  orriw 
vallovs. 

July  17th. — A  visit  was  paid  to  Chillingham  Park  toseeil 
heni  of  wild  cattle.     After  luncheon  the  party  returned  to  iWi  j 
where*   an    ascent   was   made   to   the  moors  to  see  some  oi«l>» 
valleys.     Before  the  party  separated  a  hearty  vote  of  tlumb « 
given  to  Mr.  Kendall  for  his  careful  and  instructive  leadenb^ 


M'fffitKj  nf  the  UnderyroHud  Waters  Sub-Committer,  Wikrfeii 
August  3rd,    1900. 

Cliairnian  : — Mr.  C.  W.  Fennell. 

Present  : — ^Messrs.  J.  H.  Howarth,  F.  W.  Bran«ffl.  ^• 
Aokroyd,   .\.    R.   Dwerryhouse,  and  W.   L.   Carter  (Sectetaiy\. 

l^'tt<'rs  of  regret  for  non-attendance  were  read  from  Mwft 
P.   F.    Keiulall  and  J.  A.  l^an. 

The  minutes  of  the  previous  meetmg  of  the  Commiti«^ 
lead  and  eontirmed. 

Mr.  AV.  Ackroyd  read  the  report  of  the  second  *ne  * 
tests  at  Clapham.  The  ammonia  put  in  at  the  pothole  ?J"  n» 
appeared  at  Austwick  Beck  Head.  The  fluorescein  put  init"* 
Cave  *' abyss  '  had  come  out  at  BtKjk  Head.  No  indication>  »• 
lx?en  ^)btainc(l  of  the  methylene  blue  put  in  at  Grey  ^Vife  sk 
or  of  the  tiuoreseein  introduced  into  the  Shootim:  Box  streaa 

The  report  was  adopted  with  the  best  thanks  of  the  0 
mittee  to  tlie  cliemists  for  their  arduous  labours  in  the  analy 
an<l  the  papers  were  handed  to  Mr.  A.  R.  Dwerryhouse 
incorporation  in  the  British  Association  Report. 

Tlie  Mai  ham  report  was  finally  revised  and  adopted. 
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CoiincU  }feethuj.  Philosophical  Hall,  I^iceds,  Oct.  18th,  1900. 
Chairman  : — Mr.  J.  H.  Howarth. 

Present:— Messrs.  P.  F.  Kendall,  F.  W.  Branson,  J.  W. 
ler,  F.  F.  Walton,  W.  Ackroyd,  E.  D.  Wellbuin,  J.  E. 
ord,  G.  Bingley,  W.  Cash,  J.  T.  Atkinson,  W.  Rowley, 
?rowther,  J.  J.  Wilkinson,  and  W.  L.  Carter  (Hon.  Secretary). 
The  minutes  of  the  previous  Council  Meeting  were  read  and 
rmed. 

Xetters  of  r(»gret  for  non-attendance  were  received  from 
rs.  W.  Simpson,  R.  Law,  W.  Gregson,  and  T.  H.  Mitchell. 
Annual  Afeefinr/.  A  letter  was  read  from  Lord  Ripon  agree- 
io  the  holding  of  the  Annual  Meeting  at  Selby,  but  regretting 
liability  to  be  present  owing  to  the  doctor's  regulations. 
The  Secretary  announced  that  Mr.  J.  T.  Atkinson,  F.G.S., 
had  been  a  member  of  Council  for  21  years,  had  kindly 
3nted  to  preside  in  Lord  Ripon's  place. 

Arrangements  were  then  approved  for  the  holding  of  the 
iial  General  Meeting  at  the  Mu.seum,  and  for  an  excursion 
*rayton  Barff  and  Hambledon  Hough.  The  dinner  to  be  at 
Londesborough  Arms  Hotel,  Selby. 

Officers  and  Council.  The  present  othcers  and  members  of 
icil  were  nominated  for  re-election  with  the  following  altera- 
i: — Mr.  Walter  Rowley,  F.G.S.,  F.S.A.,  to  be  a  Vice-President  in 
3  of  the  late  Mr.  Richard  Reynokls,  F.C.S.,  and  to  be  summoned 
11  meetings  of  the  Council ;  ^Ir.  A.  R.  Dwerryhouse,  F.G.S., 
e  a  member  of  Council  in  the  place  of  Mr.  W.  Rowley. 
The  Hon.  Secretary  read  the  Report  and  submitted  a  list 
lapers  for  the  Annual  Meeting.  These  were  approved. 
The  Treasurer  made  a  financial  statement.  The  following 
unts  were  presented  for  payment  and  passed  : — 

G.   West  k  Son  (plates)   ... 

F.   Carter  ((nrculars  and  stationery) 

Maull  k  Fox  (block)       

Chorley  k  Pickersgill   (Proceedings) 


£        8. 

(1. 

U   18 

0 

1 3     6 

1 

1    15 

0 

16  12 

8 

£46  12 

3 
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The  arran^^eiiients  for  tlie  meetings  for  1001  were  con>Kiered. 
jind  it  was  nvsolv^n:!  that  General  Meetings  and  Field  Excar#as 
\ie  held  at  lieyhurn  (for  Wensleydale)  and  at  Keswick  (for  lake 
District  Igneous  rocks),  and  that  the  Annual  Meeting  be  at 
Hra<lford. 

It  was  suggested  that  an  evening  meeting,  for  the  reading 
and  discussion  of  papei*s,  should  be  held  at  Leeds  early  in  the 
year. 

The  Sccrt^tarv  rea  1  a  letter  from  Mr.  Fred  Remolds  ii 
rei)ly  to  a  letter  of  sympathy  and  <leep  regret  which  lie  iad 
forwarded  to  the  family  on  the  death  of  ^Lr.  Richani  R^mokk 
F.C.S.,  in  accordance  with  the  vot^  passed  at  the  Clithnw 
Meeting  of  the  S<x'ietv. 

It  was  resolve<l  that  a  set  of  large  photographs  be  prwentd 
to  tlie  Oxford  and  Cambridge  Museums,  and  a  set  of  the  pw- 
ceeclings  to  the  Iladcliffe  Library,  Oxford. 


Mt'rtinff  of  th^  Underground  Waters  Sub-CommUke.  hatk 
October   18th,   1900. 

Chairman :  -Mr.  J.    H.    Howarth. 

Present:  —Messrs.  F.  W.  Branson,  W.  Ackrovd,  P,  F.  KeniiH 
A.   U.   Dwenyhouse,  and  W.  L.  Carter   (Secretary). 

The  minutes  of  the  previous  Committee  Meeting  were  i»l 
and   confirmed. 

The  report  of  the  I5.A.  Undergix)und  Waters  G-»mmitt«?e. 
presented  to  tlie  Bradford  Meeting,  was  read  by  Mr.  A.  !»■ 
Dwerryliouse. 

It  was  lesolvcd  to  continue  the  experiments  on  the  Ch^el- 
le-l>ale  side,  and  Mr.  Dwerryhouse  and  Mr.  Howarth  were  asked 
to  undertake  tlie  arrangements,  with  the  co-operation  of  Mr.  J.  ^^• 
Tate,  of   Ingleton. 

The  (juostion  of  the  complete  report  was  considered,  aiul  it 
was  decidetl  that  Mr.  A.  K.  Dwerryhouse  should  keep  the  re^vrd* 
of  the  various  experiments  until  the  time  came  for  drawini;  up 
the  report. 
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Annual  Gen^nral  Meeting^  The  Museum,  Selby,  November  8th, 
00. 

Chairman  : — Mr.  J.  T.  Atkinson,  F.G.S. 

The  Hon.  Secretary  reacl  letters  regretting  non-attendance 
un  the  Marquis  of  Ripon,  Dr.  Sorby,  Messrs.  W.  Rowley,  G. 
Bgley,  F.  W.  Branson,  and  W.  Gregson. 

The  Hon.  Secretary  read  an  abstract  of  the  Annual  Report. 

The  Treasurer  presented  the  Financial  Statement. 

Resolved. — Tliat  the  Report  and  Financial  Statement,  as 
ssented,  be  adopted  and   printed   in   the   Proceedings. 

Proposed  by  Mr.  J.  E.  Bedford,  F.G.S.,  seconded  by  Mr.  J.  H. 
fthouse,  F.G.S.,  and  carried. 

The  following  new  members  were  elected  : — 
Mr.  Theodore  Ashley,  Leeds. 
Professor  J.  W.  Carr,  F.L.S.,  F.G.S.,  Nottingham. 

Election  of  Officers  and  Council. — The  following  names  were 
minated  by  the  retiring  Council : — 

President : — 
The  Marquis  of   Ripon,   K.G. 

Vice-Presidents : 
Earl   FitzwiUiam,  K.G. 
Earl  of  Wharncliffe. 
Earl  of  Crewe. 
Viscount  Halifax. 
H.  ClifUm  Sorby,  LL.D.,  F.R.S. 
Walt<?r  Morrison,  J. P. 
W.  T.  W.  8.  Stanhope,  J. P. 
James  Booth,  J.P.,  F.G.S. 
F.   H.  Bowman,  D.Sc,  F.R.S.E. 
W.  H.  Hudkston,  F.R.S. 
J.  Ray  Eddy,  F.G.S. 
David  Forsyth,  D.Sc,  M.A. 
Walter  Rowley,  F.G.S.,  F.S.A. 

Treasurer : 
William  Cash,  F.G.S. 


:U4 
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Hon.  Scci^tarv: 
William  I>jwer  Carter,  M.A.,  F.G.S. 

Hon.  Librarian  : 
Henrv  Crowther,  F.R.M.8. 

Auditor : 
J.  H.   Howarth,  F.G.S. 

Council : 


J.   H.   Howarth,  F.n>. 
P.   F.   Kendall,  F.G..< 
R.  Law,  F.G.S. 
G.   H.  Parke,  F.LS,  YU 
F.   F.  Walton,  F.G.S. 
E.   I).  Wellbum,  FG.S. 


W.   Ackroyd,   F.I.C. 

J.   F.   Alkin.s<)n,  F.G.S. 

J.   E.   I^lfonl,   F.Ci.S. 

(t<Hlfn'v   Hin;xlev. 

F.   \V.   Jiranson,   F.I.(\ 

A.   U.    Dworrvhouse,   F.G.S. 

Txx'jil   Socretari«\s : 

lUrnsley— T.  W.  H.   Mitdioll. 

Hradford-  -J.  E.  Wilson. 

Driffield— Rev.  E.  M.  Cole,   M.A.,  F.G.S. 

Halifax-    W.  Simpson,   F.G.S. 

Harrogate  -Robert  Peach. 

Huddersfiold  —  Samuel  Jury. 

Hull— Jolm  W.  Stather,  F.G.S. 

r^eds— H.   Crowther,   F.R.M.S. 

Mid<llesl)rouijrli    -Ht»v.  J.  Hawell,  M.A.,  F.G.S. 

Skipton-    .1.  J.  Wilkinson. 

Thirsk-W.  Gregson,   F.G.S. 

Wakcticld  -C.  W.   Fennel],   F.G.S. 

Weiislevdale   -W.    Horne,   F.G.S. 
In  Jiddition  to  tho  above,  Mr.  Wm.  Gregson,  F.G.S..  nomiwi^ 
Lord    Mii^hani,  S\\  inion  Castle,  and  Sir  Christopher  Furuess,  M.F- 
1>.J-,   Grantlcy    Hall,    [Upon,  as  Vice-Presiilents  of  the  S<xiety. 

Uosolvt'd.-  -That  the  Oliicers  and  Council  as  noniiiwti'd  i^ 
electt'd  to  s»M\v  for  the  ensuing  twelve  months;  and  that  tbe 
best  thanks  of  ilu'  Sorj^ty  lx»  given  to  tlie  retiring  Officers  ta^ 
Council  for  their  ciiduct  of  the  alfairs  of  the  Societv  during  the 
past   year. 
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Voposed    by    Mr.    E.    Hawkesworth,    seconded    by    Mr.    G. 

ngs,  and  carried. 

^    paper    was    read    by    the    Chairman    on    "  Our    Society — 

spect  and  Prospect." 

\.  paper  was  rejwi   by   Mr.   Theodore  Ashley  on   "  Notes  on 

Occurrence  of  certain  Coal  Seams  in  Leeds  and  the  neighbour- 


t» 


1  paper  was  read  by  Mr.  Percy  F.  Kendall,  F.G.S.,  "On  the 

lacial  Contour  of    tlie   Vale  of    York." 

A.  paper  wiis  read  by  Mr.  W.  H.  Crofts,  on  "  New  Sections 

led    during    the    Excavations    for   the    Alexandra    Dock    Ex- 

m,  Hull." 

A.  paper  was  read  by  Mr.  Robert  Kidston,  F.O.S.,  "  On  the 

)niferous  Flora  of   Yorkshire." 

k  series  of  lantern  slides  by  Mr.  Godfrey  Bingley,  illustrating 

•"ield   Excursions  to  CHtheroe  and   Wooler,  was  exhibited  by 

V.  R.  Dwerryhouse,  F.G.S. 

Resolved. — That  the  best  thanks  of  this  Annual  Meeting  be 
to  the  Chairman  for  presiding ;  to  Jonathan  Hutchinson, 
F.R.8.,    for    kind    permission    to   hold    the   meeting    in    the 

im  ;  to  the  Earl  of   Ijondes borough  for  allowing  the  meml^ere 

it  Bray  ton  BarfF  and  Hainbledon  Hough  ;  to  the  Vicar  of 
for  permission   to   visit   the   Abbey  Church,  and   for  copies 

e    guide    thereto ;    to    the    readers    of    the   papers ;    to    Mr. 

ay  Bingley,   for  his  exhibition  of   lantern  slides  ;  to  Messrs. 

>lds    it     Branson,    Ltd.,    for    providing    a    lantern  ;    and    to 

W    N.   Ch(?eseman,   for  kindly   lending  his  lantern  screen. 

*roposed  by  Mr.  F.  F.  Walton,  F.G.S.,  seconded  by  Mr. 
Dickons,  and  carried. 

.'*lie     memlx^rs     and     their     friends    dined     together    at    the 

5i«borough    Arms   Hotel,   under   the   presidency  of   Mr.  J.   T. 

I  Hon,  F.G.S. 
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INGLBBOROUGH. 

PART  II."*"'      STRATIGRAPHY. 

'^    PROFESSOR  T.    McKENNY   HUGHES,   M.A.,   F.R.S.,   F.G.S.,  WOODWARDIAN 
PROFESSOR    OF   GEOLOGY    IN    THE    UNIVERSITY    OP   CAMBRIDGE. 

The  oldest  rocks  of  which  we  have  any  representatives  in  this 
»rea  are  the  great  mass  of  green  slates  and  grit  and  conglomerate 
w-hich  form  the  floor  of  Chapel-le-dale,  and  of  Ribblesdale  for 
.bout  half  a  square  mile  near  Horton.  These  so  much  resemble 
he  old  volcanic  series  described  under  the  general  title  of  "Green 
Uates  and  Porphyry"  in  the  Lake  District,  and  agree  so  well 
v'ith  them  in  their  relation  to  the  rocks  with  which  they  are 
bssociated,  that,  in  default  of  any  evidence  to  the  contrary,  they 
lave  been  referred  to  the  same  horizon. 

♦  Continued  from  Proc.  Yorks.  Geol.  and  Poly  tec.  Soc.,  Vol.  XIV.,  p.  150. 
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The  rock  consists,  as  far  as  the  finer  parts  are  concerned,  of 
^e  felspathic  dust ;  the  grit  is  composed  chiefly  of  grains  of  quartz 
K<i  pink  orthoclase  in  a  greenish  matrix  consisting  of  finer  grit 
\di  the  same  material  as  the  slate.  There  are  also,  but  rarely, 
^8  of  breccia  much  like  those  in  the  Borrowdale  Series.  Iron 
^irites  occurs  in  beautifully  perfect  cubes,  and  as  dendrites  in 
iO  slates,  while  the  iron  pervades  the  whole  as  a  green  silicate 
Imieh  is  especially  conspicuous  in  some  of  the  more  crystalline 
i.stTtz  veins. 

No  fossil  has  ever  been  found  in  their  equivalents  in  Cumber- 
:aci;  and,  though  these  Yorkshire  beds  are  more  promising  than 
of  the  Lake  District,  no  fossil  has  yet  been  recorded  from 
The  black  marks  seen  on  some  faces  of  rock  in  the  slate 
••XT J  north  of  Ingleton,  which  by  their  outline  suggested  grapto- 
s>  are  merely  segregations  of  mineral  matter;  while  in  other 
5^  the  combination  of  concretions  and  rock  crushing  have 
^vaced  complex  arrangements  in  which  imagination  has  seen 
of  trilobites  and  other  organisms. 

The  succession  as  observed  or  inferred  is  shown  in  Section, 
9.  The  coarser  beds,  known  as  "calliard,"  indicate  the 
t^ion  of  the  dip,  an' I  show,  as  pointed  out  by  Professor 
A^vrick,*  that  in  the  slate  quarries  "the  planes  of  fission  are 
*^.llel  to  the  original  laminae  of  deposit."  But  in  the  absence 
^vich  bands  it  would  be  very  difficult  to  make  out  the  bedding. 
^^  apparent  dips  are  generally  high,  from  70*  to  90",  some,  how- 
^^v,  being  as  low  as  50".     The  strike  is  always  N.W.  and  S.E. 

The  series  would  appear  at  first  to  have  a  fairly  uniform 
^p  to  the  S.W.,  the  general  differences  of  material  showing  a 
succession  in  that  direction,  and  the  details  of  the  stratification 
3it  the  S.W.  end  of  the  section  where  they  can  be  made  out 
indicating  a  coincidence  of  bedding  and  cleavage  at  about  80"  to 
the  S.W.  (see  Section,  Fig.  9).  Where,  however,  marked  beds, 
mch  as  the  grits  and  conglomerate  of  Dale  Barn  and  those  recently 
exposed  in  the  so-called  granite  quarry  on  the  opposite  side  of  the 

*  Quart.  Joum.  Geol.  Soc.,  Vol.  VIII.,  p.  46. 
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valley  allow   us  to  trace   the   bedding,    it   is  sometimes  seen  tbtt 
they   ar^   folded   over   in    sharp   plications  of   such  a  kind  tjt  it 
wouki    w   impossible   to  detect    in    the    fine   homogeneous  sUtoL 
It   may   Vv,  therefore,  that   the   thickness   of  the  series  is  not « 
ireat  a<  would  be  inferreii  from  this  apparently  regular  sacossioB 
at  a  hijih  angle  for  '2\  miles  along   the    valley,  but  that  vilk  i 
i^^nera!  su^vession  to  the  S. W.  each  portion  is  repeated  in  i  serin 
of  sliarp  folds  as  shown  in  the  diagram   (Fig.   10).      The  prt«w 
T'la:   pnxluceii  thete  folds  must   have    been    in   the  same  diiwtioi 
as  that  which  produced  the  cleavage,  but  whether  there  is  enikncc 
..f  a  on>ss  strain  in  what  looks  like  double  cleavage  or  cl€a?a«e  in 
two  tiirections  in   the  Ingleton  quarries,    or   whether  that  is  dtt 
to  lival  readjustments  to  meet  some  accidental  greater  reastiw 
we  cannot  now  make  out. 


Fig.  10. 

In  the  Inirleton  "granite"  quarry  the  coarse  grit  is  exca^ttd 
for  nxul  metal,  the  word  **  granite "  being  frequently  used  in 
commerce  for  any  rock  with  a  coarse  grain.  The  more  unvieWin? 
irrit  is  here  seiMi  crushed  into  the  associated  soft  slatv  niateiuL 
and.  as  there  was  much  stretching  of  the  mass,  especially  at  rhf 
contact  surfaces,  when  the  mud  was  being  squeezed  out  into  * 
cleaviil  slate  and  the  tough  grit  had  to  accommodate  itself  to  the 
changed  relations,  there  was  a  good  deal  of  tearing  and  inclusioo 
of  fraj^'ments  in  the  adjacent  rocks,  and  it  is  not  always  easy  to 
decide  whether  a  given  specimen  is  a  part  of  the  brecciat^^i 
conglomerate  or  owes  its  character  largely  to  brecciation  in  ptw* 
and  drag  along  the  planes  of  readjustment. 
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When  two  consecutive  formations  of  different  character  occur 
,\ill  a  district  which  has  been  subjected  to  great  and  violent  earth 
r'lllpvement  thej  are  almost  sure  to  give  way  along  the  line  of 
4'SpQtit«ct,  and  when  denudation  attacks  such  a  junction  there  is 
^.^lilniost  always,  a  result  which  obscures  the  junction.  Plenty  of 
i^:d|DKMiiples  of  this  may  be  found  among  the  overlying  rocks  in  the 
■^.jitoop  precipices  of  Ingleborough,  but  we  shall  find  the  difficulty 
hich  arises  from  such  conditions  still  greater  when  we  are  trying 
^io  make  out  the  line  of  junction  between  such  ancient  deposits 
M  the  Green  Slate  Series  and  the  Coniston  Limestone  and  Shale. 
This  prepares  us  to  find  that  junction  sections  between  the 
l;wo  are  exceedingly  rare  and  obscure.  In  the  gorge  below 
3Siornton  Force  the  two  series  are  seen  in  contact  close  to  where 
tlie  great  fault  leaves  the  bed  of  the  stream  and  runs  into  the 
hill.  Here  there  are  thin  papery  shales  presenting  a  somewhat 
intermediate  character  between  the  fine  ash  beds  below  and 
the  calcareous  shales  above,  but  there  is  always  the  doubt  that 
we  may  be  here  dealing  not  with  true  beds  somewhat  crushed, 
bat  with  masses  which  owe  their  bed-like  character  to  mechanical 
rearrangement  during  periods  of  movement  long  subsequent  to 
their  original  deposition. 

There  is  no  other  junction  of  the  Green  Slate  Series  and  the 
Coniston  Limestone  and  Shale  Series  seen  anywhere  in  the  imme- 
diately adjoining  area,  though  the  two  formations  occur  very  close 
together  in  several  places  and  in  the  same  relative  position.  Some 
green  slaty  rock  exposed  at  the  surface  in  a  weathered  condition 
near  Moughton  Sike  in  the  Crummack  valley  may  belong  to  this 
series,  or  to  pcissage  beds  between  it  and  the  Coniston  Limestone. 
In  the  northern  part  of  Ribblesdale  the  green  slates  are 
exposed  in  the  bed  of  Douk  Gill  to  the  east  of  the  village  of 
Horton.  They  dip  at  a  high  angle  in  a  southerly  direction,  and 
pass  up  into  calcareous  slates  full  of  Bala  fossils.  About  150  yards 
down  stream  these  turn  up  again  in  a  synclinal  fold  broken  at 
its  west  end  by  a  fault*  which  cuts  off  the  Bala  Beds,  bringing 
the  green  slates  again  to  the  surface. 

*  See  Sedgwick,  Quart.  Joum.  Geol.  Soc,  Vol.  VIII.,  p.  49. 
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The  Green  Slate  Series  is  seen  in  several  sections,  or  oi 
glaciated  surfaces  near  Horton  in  Ribblesdale,  but,  except  in  tlv 
railway  cutting  south  of  the  station,  there  is  no  continuous  exponn 
for  more  than  a  few  yards,  so  that  it  is  difficult  to  corrdste  tk 
horizons  with  those  seen  in  Chapel-le-dale.  It  is,  however,  probiUe 
that  it  is  the  upper  part  of  the  series  that  is  here  repremted 
from  the  occurrence  of  the  Ck>niston  Limestone  Series  so  6m 
to  it  on  the  south,  and  from  the  transitional  character  of  tlK 
upper  part  of  the  aeries,  which  here  contains  much  cskanos 
matter  and  even  beds  of  limestone.  The  main  mass,  which  neoseds 
in  apparently  descending  section,  consists  of  green  slates,  giitti 
and  conglomerates  not  very  unlike  those  which  appear  to  undofii 
the  passage  beds  in  the  gorge  at  the  foot  of  Chapel-le^e.  TW 
beds  are  generally  inclined  from  45"*  to  75'  in  a  south-weAnh 
direction,  but  they  vary  to  such  an  extent  and  in  such  i  mum 
in  the  direction  and  amount  of  dip,  and  are  in  places  so  cnsbei 
and  veined,  as  to  suggest  that  they  are  much  folded  and  perfaipK 
repeated,  a  supposition  which  is  strengthened  by  the  &ct  tbit  iB 
the  pre-Carboniferous  rocks  are  more  and  more  intensely  plicttod 
as  we  follow  them  up  Ribblesdale  from  south  to  north. 

The    Green    Slate    Series    of    Ingleborough    is    probably  the 
''^'e(>lu*rical  equivalent"*  of  the  Green  Slates  and  Porphyry  (rf  the 
I^kc  District  and  of  the  Bala  Volcanic  Series  of  North  Wales.  Bal 
there  is  a  difference  between  the  results  of  volcanic  activity  in  these 
three  art^as.     In  North  Wales  there  are  lavas  and  volcanic  brecciK 
and  ashes  associated  with  fossiliferous  marine  deposits.     It  is  cksr 
that  the  volcanic  masses  were  here  built  up  on  a  sea  floor,  but  thit 
most  of  the  lavas  and  ashes  of  successive  great  eruptions  remiin 
where     they    were    iii*st    thrown    out,    and    are    not    merely  the 
volcanic    material    distributed    far   and    wide   over    the   bottom  of 
the  sea. 

In  the  Lake  District,  on  the  other  hand,  there  are  lavas  and 
agglomerates,  and  ashes,  but  no  traces  of  fossiliferous  sediments 
associated  with   the  great  masses  of  volcanic  ejectamenta,  nor  is 


*  Whewell,  History  of  the  Inductive  Sciences,  Vol.  III.,  p.  5.32 
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there  any  suflficient  proof  that  the  material  was  sorted  by  currents 
^ilf  water.     For  aught  we  cah  say  at  present  the  stratification  may 
^▼e  been  produced  by  the  showering  down  of  the  coarser  and 
J  of  the  heavier  and  lighter  material  over  a  land  surface,  or 
the  sea,  where  it  directly  settled  to  the  bottom,  beyond  the 
h  of  wind,  waves,  and  tides,   but   no  signs   of  ancient   land 
or  of  marine  sediment  with  traces  of  life  have  yet  been 
Eybtected. 

The  Ingleborough  district  seems  to  have  been  still  further  from 

region  of  volcanic  activity.      No  lava   flows  appear  to  have 

^f  :imched  it.     There  is  a  very  large  proportion  of  the  finest  material, 

^.and,  where  bands  of  coarser  character  occur,  they  consist  of  well- 

^•mlled   sand   and   grit   such   as   miglit   be   derived   from   a  coarse 

l^'.jpnuiite,  and,  more  rarely,  some  beds  of  breccia  of  doubtful  origin. 

ISlo  signs  of  land  surfaces,  nor  of  the  fauna  or  flora  of  a  sea  bottom, 

iiave  so  far  been  detected  here,  though  we  may  hope  that  among 

the  grit  bands  fossils  may  yet  be  found.     On  the  whole  it  seems 

]Hrobable  that  we  have  here  volcanic  material  transported  from  a 

distance,  and  quietly  setting  to  the  bottom  of  a  lake  or  sea  over 

which    no    coarser   or    heavier    material    than    the   grit   of    Dale 

Bam  was  ever  strewn.     We  should  not  expect  the  thickness  of 

beds   to   be  as  great  as  that  which  was  attained  by  the   cones 

nearer  the  sources  of  eruption,  and  this  consideration,  as  well  as 

observation    of    the    nature    of    the    folds    where    they    can    be 

detected,  would  support  the  suggestion  (p.  325)  that  the  apparent 

sequence   along   Chapel-le-dale   is    deceptive,    and    that    the    beds 

are    repeated    over   and    over    again    as    shown    in    the    diagram 

(Fig.   10). 

We  cannot  attach  much  importance  to  the  absence  of  fossils 
in  a  formation  which  has  suffered  so  much  deformation  as  has 
this  Chapel-le-dale  Series  of  green  rocks.  Almost  all  traces  of 
organic  life  would  probably  have  been  entirely  obliterated  or 
been  dragged  out  beyond  all  possibility  of  recognition,  and,  if 
they  are  found,  it  will  probably  be  where  protected  by  some  of 
the  more  unyielding  beds  or  on  the  turn  of  a  fold  where  the 
distortion  was  not  so  violent. 
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BALA    BEDS. 

In   a»^!endin'i   section   above   the    Green    Slate  Series  anl  io 


'?? 


de3ceiidin.:r  section  below  the  Silurian  flags,  grits,  and  conglomencci, 
we  ahvavs  tind  masses  of  rou<i^hlv-cleaved  shales  with  calc&reou 
l>ands  an  1  concretions  and  beds  of  limestone.  Notwithstandu^ 
the  folde<l  and  faulted  condition  of  the  older  rocks  in  thi>  ant 
the  true  setjuence  can  generally  be  established  in  these  beds, 
and  t)ie  newer  are  found  to  occur  next  in  succession  bel^v  tiie 
Silurian,  and  the  older  next  in  succession  above  the  green  sUteSi 
though  some  members  are  here  and  there  missing,  being  probablr 
droppeil  out  by  faults.  Some  bands  are  highly  fossiliferuus,  %sA 
the  fossils  as  well  as  the  position  of  the  series  makes  it  quite 
clear  that  tliis  is  the  equivalent  of  the  Coniston  Limestone  tod 
Shale  of  the  I^ke  District  and  the  Bala  Limestone  and  Shale 
of  Nurth  Wales.  The  details,  however,  vary  across  this  limited 
area,  and,  as  might  be  expected,  the  exact  correlation  of  ab- 
divi'^ions  with  tliose  of  more  distant  regions  is  at  present  verr 
incomplete. 

They  are  seen  in  the  bed  of  the  stream  striking  parallel  to 
the  *;reat  fault  which  traverses  the  gorge  of  the  Twis  or  Greet 
l)el<>\v  Thurnton  Force,  as  described  above.* 

The  part  of  the  series  here  exposed  consists  of  a  shale  with 
lavers  of  lenticular  concretions  of  limestone.  The  lower  beds  are 
concealed  bv  masses  of  drift  and  torrent  debris — and  that  whicii 
is  seen  is  so  much  crushed  that  all  traces  of  fossils  have  been 
m(>stly  obliterated,  while  the  few  that  are  found  are  generally  « 
obscure  to  be  almost  unrecognisable. 

Howev(»r,  thei*e  are  fossils  in  it,  and  when  the  zones  of  the 
B:ila  Bids  of  tliis  district  come  to  be  worked  out  in  detail  there 
may  be  enough  paheontological  evidence  here  to  determine  the 
exact  horizon. 

Sedgwick  records  the  following  fossils  as  having  been  found  here 
near  the  upper  dyke  : — Stenopora  {Favosites)  fibrosn  Gold.,  Haliffi'^* 


*  Pr(K'.  Yorks.  (leol.  and  Polytec.  See,  Vol.   XIV.,  pp.  146,  U7.    S« 
stion  Fig.  6. 
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catetwlaria  linn.,  Or  this  actonxas  Sow. ;  to  these  I  may  add  a 
Petraia  (StrepUslasma)  asquiatdccUa,  Near  Twistleton  Manor  House 
Asb  Coniston  Limestone  is  seen  in  a  roadway  very  much  crushed 
and  traversed  by  veins  of  calcite.  It  has  evidently  been  much 
altered  here  and  has  a  brown,  earthy  character,  being  probably 
dkdomitized. 

It  crosses  Dale  Beck  east  of  Twistleton  Manor,  but  denuda- 
tion has  cut  it  down  so  much  that  it  is  generally  covered  by  the 
allavial  gravel,  except  after  a  great  flood,  when  portions  are  for 
Wk  time  left  bare,  or  where  baked  portions  are  preserved  in  contajt 
with  the  dykes,  which  stand  out  in  reefs  and  buttresses  having 
the  same  trend  as  those  seen  in  the  Greet. 

A  few  small  exposures  among  the  roches  moutonn^es  show 
that  just  south  of  Skirwith  the  same  beds  cross  the  eastern  road 
to  Chapel-le-dale  and  the  stream  below  the  farm. 

At  the  lower  end  of  Crina  Bottom,  whose  waters  drain  into 
Jenkin  Beck,  there  are  shales  and  bands  of  concretionary  lime- 
stone which  weather  into  light,  porous,  gingerbread -coloured  rock 
by  the  removal  of  the  lime.  These  beds  apparently  dip  at  a  high 
angle,  but  this  is  not  clear,  as  there  are  only  small  exposures, 
and  the  beds  deviate  somewhat  from  the  normal  strike  of  the 
Coniston  Liuiestone  Series  in  the  adjoining  area,  running  E.N.E. 
and  W.S.W.     They  are  probably  near  a  crush. 

From  this  point  for  three  miles  to  the  south-west  denudation 
has  failed  to  reach  down  through  the  Mountain  Limestone,  on 
the  upthrow  side  of  the  great  fault,  to  the  level  of  the  Silurian 
and  Bala.  On  the  downthrow  side  of  the  fault  the  Mountain 
Limestone  has  nowhere  been  cut  through. 

As  we  have  seen  (p.  134)  the  base  of  the  Carboniferous  rocks 
is  reached  at  diflferent  depths  dependent  upon  the  character  of 
the  underlying  rocks,  and  the  Bala  shales  seem  always  to  have 
suflfered  more  erosion  than  any  of  the  other  pre-Carboniferous 
rocks  of  the  district.  Therefore  they  have  generally  a  greater 
thickness  of  Mountain  Limestone  above  them.  These  depressions 
caused  a  larger  gathering  of  subterranean  waters  in  the  fissured 
limestone,  and  thus  valleys  are  apt  to  be  opened  up  along  them 
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iu  later  times,  and  this  again  often  resultn  in  their  being  deeplj 
buried  in  glacial,  alluvial,  and  terrestrial  drifts.  So  that  we  hvt 
to  study  a  very  complex  series  of  causes  and  effects  to  expUia 
the  pre^sent  distribution  of  the  exposures  of  these  Bak  beik 
The  ground-plan  (Fig.  11)  shows  the  relation  of  the  Bala  Bedsud 
Silurian  (Upper  Silurian  of  Survey)  to  one  another,  and  repre«Dtt 
what  we  should  see  if  all  the  Carboniferous  and  superficial  depoats 
were  swept  off.  Clapham  Beck  and  its  tributary  torrent,  Cat  Hole 
Sike,  have  cut  down  to  them,  exposing  a  black  shale  with  calcareov 
bands  or  nodules,  and  thin  l)eds  of  limestone.  Traces  of  fossils  htve 
been  found  in  Cat  Hole  Sike,  and  it  is  probable  that  a  duU 
excavation  in  that  watercourse  wouhl  give  an  opportanitr  of 
colltH*ting  a  suthcient  number  of  species  to  determine  the  borizofi- 


Fig.  11. 

i;KOrM)-n.AN    SHOWINc;    RElJkTiON   OF  Sn.rRL\X    AM)    BAI>.\  SERIES 
nKNKATII   THE  OARBONIFEROrs   RlX-'KS. 

The    Mountain    Limestone    is   faulted    against    them   on  the 
st>uth.  and,   though    the   actual    line   of   fault    is    not   exposed  its 
position    is   sotMi    above   the   footbridge   at    the    north  end  of  the 
hike  in  Mr.   Farrer's  grounds  at  Ingleborough,  near  Clapham.  and 
a   lino  of  depression   up   the   hill   side  probably    marks  its  cour#. 
The    Mountain    Limestoiie   gets    more    and    more    crushed   as  »? 
folh^w  it  towards  the  waterfall,  which   represents  ver>'  nearly  the 
north   wall   of    the  fault.      Above   this    the   stream    tumbles  over 
^A/t/K/K^   ^^   ledges    fornieil    by   bands   of    limestone   in  shale. 
^r  ^^Mave   yielded  a  considerable    number    of   ill-preser\efi 
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specimens  of  common  Coniston  Limestone  fossils.  The  cleavage 
m  irregular,  owing  to  the  irregular  texture  of  the  beds,  and  also, 
porhaps,  partly  to  movements  subsequent  to  the  cleavage  of  the 
xoek,  but  it  is  generally  from  50*  to  70*  S.S.W.  The  joints  are 
not  very  pronounced,  the  most  conspicuous  being  nearly  at  right 
angles  to  the  strike. 

Whether  it  comes  to  the  surface  continuously  between  Spring 
Valley  Sike  and  Norber  Sike  under  the  heavy  masses  of  drift 
lielow  Robin  Proctor's  Scar,  on  the  north  side  of  Thwaite  Lane, 
is  a  matter  rather  of  inference  than  of  direct  observation.  In 
the  neighbourhood  of  Austwick,  Crumraack,  Wharfe,  and  Wood- 
end,  all  within  an  area  of  about  two  miles  north  and  south,  by 
one  mile  east  and  west,  we  have  the  best  sections  of  the  upper 
part  of  the  Bala  Beds  seen  anywhere  in  this  district.  Their 
general  distribution  is  shown  on  the  plan  (Fig.  11),  and  their 
relations  to  one  another  and  to  the  overlying  formations  are 
shown  in  sections. 

There  is  no  exposure  of  the  underlying  Green  Slate  series  in 
this  area  unless  we  suppose  that  some  of  the  shales  south  of  Wharfe 
may  represent  it,  being  muddy  sediment  deposited  further  away 
from  the  focus  of  volcanic  eruption;  but  the  occurrence  near 
Horton  in  Ribblesdale  of  Green  Slates  of  the  same  character  as 
those  of  Chapel-le-dale  goes  against  this  suggestion,  while  the  beds 
of  coarse  tuff  seen  in  the  shale  in  Wharfe  Mill  Dam  and  else- 
where in  that  neighbourhood  show  that  the  products  of  eruption 
still  reached  this  area  either  directly  from  the  crater  or  drifted 
as  ordinary   sediment  from   unconsolidated  cones  of  volcanic  ash. 

A  very  instructive  traverse  may  be  made  by  turning  into 
Norber  Sike  at  the  Sheepfold  by  the  bend  of  the  road  from 
Austwick  Town  Head  to  Norber  Brow.  The  Bala  shales  can 
be  followed  almost  continuously  along  the  stream  to  the  spring 
thrown  out  at  the  base  of  the  Mountain  Limestone.  They 
consist  of  a  strongly-cleaved  calcareous "  mudstone,  yet  not  so 
evenly  cleaved  as  to  yield  slates. 

In  the  upper  part  of  the  section  bands  of  flat  concretions  of 
limestone  lie  with   their  larger  surfaces  adjusted  to  the  cleavage 
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planes.  These  represent  part  of  the  Coniston  Limestone.  Fiua 
this  point  the  basement  bed  of  the  Mountain  Limestone  rw 
nearly  east  for  about  }  mile.  If  we  leave  it  here  where  i: 
turns  to  the  north  and  cross  the  field  in  a  soath-westnir 
direction,  a  distance  of  about  150  yards,  to  where  the  ruwi  to 
Crummack  take^*  the  corresponding  turn  to  the  north,  we  im 
a  road-cutting  in  the  shale  from  which  during  several  excorvktf 
my  party  have  collected  a  large  number  of  well-preserved  fosflk 
It  was  here — about  the  middle  of  the  cutting — that  Mrs.  Hujiki 
found  the  first  specimen  of  Dindymene  recorded  from  this  district 
The  fossils*  found  in  this  cutting,  which  we  will  rrfer  u»  m 
the  Norber  Road  Section,  are: — 

DipliHjrtiptus  (like  pristis  His.). 

Diploy  rapt  tin  trunccUus  Lapw. 

DicellcHjraptu^  aiiceps  ^Ich. 

Steuoftora  (Favorites)  fibrosa, 

Tentacidites  anglicus  Salt. 

Ateleocy»tites  sp. 

Ayno8tu»  trinodn^  Salt. 

Ampyx  n  ltd  tut  Murch. 

A.   rout  rat  U3<  Sars. 

Stuuracephnlus  (SpJut^rocoryphe)  unicus  Thorn. 

TrinncUuH  seticarnis  His. 

Dindymene  llughe^sioi  Roberts. 

Cybefe  Lov^eni  Linnrs. 

Lichas  faxatns  M'Coy. 

Turrilepaa  sp. 

PhacopH  (Pterygametoptis)  sp. 

PhlUipsineUn  parabola  Barr. 

Lt'j)tiifna  tram^veraalut  Wahl. 

Lfjttiifua  scricea  Sow. 

Orthisina  sp. 


*  i^i 


Cf.  MrtiT,  Ropt.  Brit.  Assoc.,  1881,  p.  650;  Proc.  Yorkshinr  *i«fll. 
Poly  tec.  ^ov.,  N.S.,  Vol.  VII.,  p.  397;  Geol.  Mag.,  Dec.  IH.,  Vol  IV.. 
No.  1,  18S7,  p.  r^');  ih.,  Vol.  IX.,  No.  333,  p.  97.  Reynolds,  GeoL  Mai, 
Dec.  IV.,  Vol.  I.,  p.  108. 
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The  Norber  Road  beds  strike  in  an  east  -  south  -  easterly 
kirection,  but  the  wide  extent  of  ground  from  north  to  south 
which  the  series  here  extends,  and  the  high  angle  of  dip, 
that,    unless   it   has  a  much   greater   thickness   than    we 

justified  in  believing,  the  beds  must  be  repeated  by  folds. 
iLcoordingly  we  find  that  instead  of  the  north  -  north  -  easterly 
dips  of  the  Norber  Road  section  and  of  the  Sike  head,  we  have 
■OQth  -  south  -  westerly  dips  further  down  the  Sike  and  along 
Wharfe  Gill  Sike,  near  Woodend,  where  all  the  fossils  founds 
l&MDDely,  AteleocystiUs  sp.,  Phacops  [Pterygometopus)  sp.,  occur  also 
Bear  Staindale,  in  the  Norber  Road  Section.  Further  north, 
also  along  Crummack  Lane,  southerly  dips  prevail.     An  anticlinal 

A-  OlawvOiHam 


Fig.   12. 
a.  Striped  sandy  shale. 
h.  Conglomerate. 

c.  Cleaved  mudstone. 

d.  Felspathic  ash-like  beds,  similar  to  those  seen  south  of  the  bam  in  the 

field  on  the  west. 

fold  is  seen  also  west  of  Wharfe  Mill  Dam  between  the  two 
barns,  and  another  in  the  bed  of  the  stream  north  of  the  Dam 
House  Bridge  Fault  (see  below).  Although,  therefore,  the  true 
dips  are  not  so  easy  to  detect  in  the  Bala  beds  as  in  the  over- 
lying Silurian,  still  it  can  be  made  out  that  the  beds  are  thrown 
into  large  spoon-shaped  anticlinals  and  synclinals,  with  smaller 
adjustment  folds  and  faults  on  the  margin. 

As  the  result  of  this  the  calcareous  shales  in  which  Trinu- 
cleia*  is  fairly  common,  and  which  we  saw  striking  in  a  south- 
south-easterly  direction  at  Norber  Brow,  are  thrown  off  to  the 
north  and  south  by  the  time  we  reach  Crummack    Beck,  where 
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older  IkhIs  of  the  series  are  brought  up  in  the  anticlinal  ud^ 
iLs  seen  l^etween  the  two  bams  near  Dam  House  Bridge  (Fig.  \l) 
uikI  in  Wharf e  Mill  Dam  (Fig.  13).  These  older  beds  co&hK 
of  mudstones  which  break  into  larger  prism-shaped  fngmeiti 
and  slabs  than  the  overlying  calcareous  shales.  There  are  ab 
beds  of  fragmental  felspathic  and  other  rocks  such  as  are  luuSr 
called  volcanic  ash,  but  whether  they  are  lapilli  showered  down  into 
the  sea  directly  from  eruptions  or  only  the  waste  of  distant  still  ua- 
consolidated  beds  of  volcanic  ash  distributed  over  the  sea  bottom  it  tf 
impossible  now  to  tell. 


X. 


II 


Fig.  13. 

(t.  Striped  sandy  shale  not  much  cleavcMl. 

It.  Conglomerate  not  well  seen  in  the  line  of  this  section. 

c.   Cleaved  shale  with  subordinate  .calcareous  band. 

J.  Felspathic  ash-like  beds  and  yellow  porcellanous  rock  'with  subordiatU 

black  hands,  one  very  conspicuous.     These  are  probahly  the  he^ 

seen  under  the  bridge. 
^ .   Slate  strongly  cleaved  70"  S.S.W. 
/'.    Felspathic,  speckly,  ash-like  beds  exposed  at  the  gate  for  a  huriJ'Xtil 

distance  of  about  8  feet. 
ff.  Very  tough,  granular,  crystalline  rock,   with  small  sago-like  griim 

of  transparent  quartz,  about  10  inches  seen. 
li.  Limestone,  with  a  knobbly,  irregular  surface,  about  2  feet  seen. 
Tlie  strike  of  f,  /,  7,  h  is  clear,  but  not  the  dip;  indeed,  it  may  hellat 
between  this  and  the  l>arn  we  have  crossed  the  axis  of  the  fold,  and  that  «t 
are  alreadv  on  tlie  southern  limb  of  the  anticlinal. 

Fossils  occur  both  in  the  mudstones  and  in  the  ash,  and  especially 
in  tlie  intermediate  rock  in  which  there  is  a  mixture  of  the  ash  and 
mud.  The  fossils  found  here  are  Calymene  blumenbachii  Brongn.. 
Illtrniis  ilarisli  Salt,  Trinudeus  seticomis  His.,  Lgptoma  /raw- 
rersdlis  Walil.,  Sfrophomena.  The  large  Strophomenas  are  so  con- 
spicuously the  most  abundant  form  that,  although  they  are  not 
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uliar  to  this  horizon,  they  characterise  it  by  the  numbers  of  in- 
haBnfKluals  in  proportion  to  other  species,  so  that  for  convenience  of 
reference  I  formerly  called  these  beds  the  Strophomena  Shales. 
same  remarks  apply  also  to  the  name  Trinucleus  Shale  by  which 
^oferred  to  the  overlying  beds.    Closer  work  will  doubtless  by-and- 
divide   the   series  into  many  palseontologically  distinguishable 


i^- 


The  whole  series  is  nipped  out  by  faults  near  Wood  Lane  and  is 
seen  again  to  the  E. 

The  section  is  much  complicated  by  a  fault  which  may  be  seen 
the  stream  a  little  above  Dam  House  Bridge.  The  direction 
tliis  fault  is  slightly  oblique  to  the  strike  of  the  Bala  Beds,  having 
ik  little  more  north  and  south  in  it,  so  that  it  brings  the  Silurian  rocks 
Oh^^inst  lower  and  lower  beds  of  the  Bala  series  as  we  follow  it  to  the 
^EMUit-south-east.  The  beds  of  both  series  are  similarly  folded  on  the 
xmorth  or  downthrow  side  of  the  fault,  but,  owing  to  the  downthrow 
Ibeing  on  the  north,  higher  beds  of  the  Bala  series  are  found,  in  the 
of  the  anticlinal  folds  on  the  north  side  of  the  fault  than  are 
in  the  corresponding  and  contiguous  folds  on  the  south  of 
it.  Thus  in  the  stream  close  above  the  small  waterfall  which  marks 
the  exact  position  of  and  is  due  to  the  Dam  House  Bridge  fault  there 
is  a  small  subordinate  anticlinal  which  throws  of!  the  basement  bed 
of  the  Silurian  on  either  side,  so  that  black  shales  are  exposed  between 
two  bands  of  conglomerate,  the  one  with  a  northerly,  the  other 
with  a  southerly  dip  (see  Figs.  12  and  13).  It  is  probable  that  this 
is  a  pre-Carboniferous  fault. 

In  these  black  shales  the  following  fossils  have  been  found  : — 
Ofthis  testudinaria  Dalm. 
Strophomena  siluriana  Dav. 
They  therefore  represent  the  highest  beds  of  the  Bala  seen  in 
this  district,  and  are  the  equivalent  of  the  Strophomena  siluriana 
beds  so  largely  developed  in  the  tributaries  of  the  Rawthey,  especially 
in  Sarley  Beck,  some  15  miles  N.N.W.  of  Wharfe.      It  was  on  speci- 
mens collected  in  Sarley  Beck  that  Davidson  founded  the  species 
siluriana.     In  the  Lake  District  their  equivalent  is  seen  in  the 
shales  of  Ashgill,  near  Coniston. 


3.H8  iiuciiES:   iXGLEBOiiOUi:n. 

About  threp-quiirters  of  a  mile  north  of  the  section  nrar  \y]::r.7 
\v\\'w\i  has  just  hoen  described,  where  the  principai  feeder  of  Cmmcik 
HiH'k  issues  from  the  base  of  the  Carboniferous  rocks  (seePLteL. 
the  stream  has  cut  liuvrn  on  to  the  top  of  another  anticliiu]  fold  vijee 
brought  Ilala  Beds  within  reach  of  recent  denudation  (Fig.  Ui 
This  iiiterestinc;;  sput  is  known  as  Austwick  Beck  Head,  from  it* 
name  of  tlie  stream  into  which  the  water  erentuallv  findi  iu nr. 
thou<;h  the  tributary  which  immediately  receiTeB  it  a  knovn  a 
(Vummaok  Beck.  Just  below  the  junction  of  the  stream  froc 
Austwick  Beck  Head  and   Moughton  Sike  (he  Coniitoa  or  Bib 


Fig.  14. 

hr.Vt.UAM    lU.rSTKATlNU  THE  MODE  OF  OCCrRRESCCE  OF  TBI  0IftATA 

AT  AI'STWKK    UEl'K    HEAD. 

II.  Mountain  LimiMtone. 

/'.    liasiMiicnt  lied  of  the  Mouutaiii  Uinestone. 

'*.   Silurian. 

tf.  WiintHuvui  l)od  of  Silurian. 

' .   liala  Shale  ami  Limestone. 

Uinestone  is  seen  ih'pping  south.  It  is  at  the  surface  in  Mong)tt«< 
Lane  witli  a  similar  strike  and  under  the  Mountain  LimesUnfl  KiKi 
till'  east  is  a<;ain  seen  dipping  south  at  about  50*. 

Close  m  the  keltl  or  springhead  the  l^asement  bed  of  theSihri 
is  exposed  resting  on  the  Biila  Shale.  This  section  is  not  veiyek 
o\vin«;  to  the  eieep-lorwartl  of  the  biisement  bed  of  the  Carbomfv 
for  some  distance  down  the  side  of  the  stream  ;  in  fact,  we  have  k 
an  exain[)le  of  the  fx-currence  of  a  depression  along  the  outcropcf 
Bala  Beds  which  J  referred  to  above  (p.  3:^1).  It  is  increased  so 
what  in  this  case  by  a  crush  and  some  faulted  groiuid  along 
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cation  between  them  and  the  more  tough  and  unyielding  Silurian. 
9  depression  in  the  pre-Carboniferous  surface  was  filled  with  lime- 
and  conglomerate,  and,  moreover,  as  usual  in  the  case  of  the 
hollows,  caused  the  conglomerate  to  be  made  up  almost 
ly  of  fragments  of  the  underlying  rocks,  so  that  it  is  easily 
mounded  with  the  thin  line  of  basement  bed  of  the  Silurian  which 
l«o  composed  of  fragments  of  the  Bala  series.  As  the  subter- 
ifikn  denudation  of  the  Mountain  Limestone  went  on  this  depression 
■nuined  that  the  spring  should  come  out  here,  and  resulted  also  in 
deeper  portion  of  the  basement  bed  of  the  Carboniferous  being 
>ixged  further  out  into  the  valley.  A  little  care,  however,  and, 
'  floods,  a  little  clearing  of  the  torrent  ddbris^  enables  us  to  dis- 
LJ-ish  and  work  out  the  relations  between  the  two  basement  beds. 
In.  Ribblesdale,  the  next  valley  on  the  east,  the  Coniston  Lime- 
B  series  is  exposed  at  Crag  Hill  and  west  of  the  village  of  Horton. 
section  at  Crag  Hill  is  full  of  interest  for  the  stratigraphist  and 
ontologist,  and  would  well  repay  careful  detailed  work.  The  beds 
>X"ought  to  the  surface  by  a  sharp  anticlinal  fold,  the  axis  of  which 

a.l)out  10'  S.  of  E. 
The  fall  of  the  ground  to  the  east  is  greater  than  the  inclination  of 
^Txticlinal  axis  in  the  same  direction,  and  therefore  we  find  higher 
liigher  beds  of  Bala  series  as  we  ascend  the  hill,  and  at  last  see  the 
**ian  beds  folding  over  the  Bala  series  100  feet  or  so  below  the  base 
tie  Mountain  Limestone,  as  shown  in  the  diagrams  (Figs.  15,  16, 
in  which  are  given  a  ground  plan  (Fig.  15),  a  section  along  the 
^  (Fig.  1 6),  and  another  at  right  angles  to  it  (Fig.  1 7). 

Behind  and  above  the  farm  there  is  a  fine  section  exposing  a  large 
E  of  limestone  and  calcareous  shale  split  of!  so  as  to  expose  the 
per  face  of  the  rock.  On  this  numerous  well-preserved  specimens 
characteristic  Bala  fossils  were  to  be  seen  weathered  out.  Most  of 
B  more  obvious  of  these  have  been  long  ago  collected,  but  plenty 
xy  still  be  found  with  a  little  care  and  trouble.  The  following  is 
list  of  those  determined  : — 

Heliolites  interstinctus  Walil. 

Stenopora  (Favosites)  fibrosa  Goldf. 

Petraia  {Streptelasma)  osquisulcata  M'Coy. 

B 
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Clieirurus  bimucronatus  Murch. 

Cyhele  verrucosa  Dalm. 

IllcBnus  bowmanni  Salter. 

Phacops  f  obtusicaudatus  Salt. 

Discina. 

Leptoena  sericea  Sow. 

L.  transversalis  Wahl. 

Lingula  ovata  M'Coy. 

Or  this  ActonicB  Sow. 

Orthis  biforata  Schloth 

Orthis  calligramma  Dalm. 

Orthis  elegantula  Dalm. 

Orthis  flabellulum  Sow. 

Orthis  vespertilio  Sow. 

Rhijnchonella. 

Strophomena  grandis  Sow. 

Modiolopsis  antiqua  Sow. 

Murchisonia. 

grey  crystalline  limestone  (e)  is  taken  for  the  present  at 
;  as  the  basement  bed  of  the  Silurian,  and  will  be  described 

Coniston  Limestone  and  Shale  are  again  seen  a  short  distance 
st  of  Horton-in-Ribblesdale.  The  stream  issuing  from  the 
n  Limestone  in  Dow  Gill,  about  100  yards  below  its  source^ 
through  the  basement  beds  and  exposed  the  green  slates 
at  a  high  angle  a  little  west  of  south.  They  are  followed  in 
:ly  conformable  succession  by  the  Coniston  Limestone  and 
hich  are  here  highly  fossiliferous.  About  150  yards  down 
hey  begin  to  turn  up  to  a  fault  thus  lying  in  a  broken  synclinal. 

SUMMARY. 
ENiG  Series. 

I  forms  the  base  of  the  group,  and  in  the  typical  areas  of  North 

id  the  Lake  District  consists  of  black  shales,  here  and  there 

idy  or  streaked  with  sandy  layers.     It  has  a  very  distinctive 

ith  indications  in  the  upper  part  of  the  commencement  of 
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volcaiiic  outbursts  somewhere  not   far  off.      At  the  base  there » 
s jinetimes  a  coarse  grit. 

hi  the  I-Ake  District,  where  this  division  is  well  developftl  itt 
Iwise  and  its  top  are  still  not  well  defined.  Around  IngleboroQf;iiii 
is  not  represented  at  all,  unless  it  may  be  among  the  lowest  pareci 
the  volcanic  series  of  ChapeHe-dale. 

In  all  such  questions  of  correlation  it  must  be  borne  in  miititbt 
volcanic  accumulations  are  from  the  nature  of  the  case  of  morelimilRl 
extent  than  ordinary  muddy  or  sandy  sediment,  and  that  am«5 
them  we  must  expect  to  find,  though  we  cannot  often  hope  toidfumr 
with  certainty,  synchronous  beds  of  very  different  character  in  dorir 
adjoining  arenas.  This  is  what  Whewell*  referred  to  in  his  renurfa 
upon  "  Geological  Equivalents,'*  and  what  was  further  dereloped 
afterwards  under  tlie  head  of  **  Homotaxis." 

TifK  Bal.\  Series.    Volcanic  Stage. 

The  great  masses  of  green  and  grey  slates,  and  grits  and  breccisied 
congloineratcs  of  Chapel-le-<iale,  are  referred  to  this  horizon  from  their 
siniilaritv  to  the  Borrowdale  beds  of  the  Lake  District,  and  becaw 
of  their  constant  occurrence  below  the  Calcareous  stage  of  the  Bak 
series,  the  horizon  of  which  is  determined  by  abundant  fossil  eridenff. 

Tin:  Hala  Series.    Calcareous  Stage. 

This  is  the  horizon  of  the  beds,  the  distribution  and  character  o: 
wliich  I  have  been  describing  in  this  part  of  my  paper. 

Tliere  are  three  places  where  the  fossils  are  nimierous  and  weil- 
preserved,  and  the  relative  position  of  the  beds  can  be  made  out— 

1.  Tlie  stream  courses  north  and  east  of  Horton-in-Ribblcsdak 

(sec  p.  .')41). 

2.  The  slope  west  of  Crag  Hill  up  to  the  base  of  the  Muunuin 

Limestone  (see  p.  330),  and,  best  of  all, 

3.  The  area  which  lies  across  the  southern  end  of  Crummaok 

Dale,  between  Austwick  and  Wharf e  Gill  (see  p.  33;$ I. 
Other  areas  have  been  mentioned  above,  but  in  them  either  the 
exposure  is  so  small  or  the  be<ls  are  so  crushed  that  the  sequence  i> 
obscure  and  the  fossils  generally  unrecognisable. 

*  Op.  c;it. 
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My  aim  in  this  paper  is  to  offer  some  notes  which  may  be  helpful 
te  the  field  geologist  on  and  around  Ingleborough,  and  with  that 

*9ri0W  I  will  conclude  this  part  of  it  with  a  few  practical  hints. 
^-       These  are  the  most  easterly  exposures  of  the  upper  portion  of  the 

'i^Cfaila  Beds  to  be  found  in  this  district.     It  is  a  variable  series,  and 
i^Aome  knowledge  and  experience  would  be  required  in  order  to  establish 

f"*  e  true  sequence  in  each  area  and  correlate  the  several  zones  exposed 
the  different  sections.     But  if  anyone  wants  a  very  interesting 
o^illd  useful,  though  difficult,  piece  of  work  to  do  let  him  make 
fhmit  the  details   of   the   above   three   areas,    stratigraphically   and 
•fi'valaeontologically,  zone  by  zone.     It  will  take  a  long  time  to  do  it 
r^^iiroperly,  but  it  is  not  one  of  those  heart-breaking  districts  where  no 
i|:/iiefinite  results  follow  long  and  careful  work.     There  are  plenty  of 
•f  exposures  and  plenty  of  determinable  fossils,  and  it  only  requires 
careful  observation  of  the  succession  and  discrimination  of  exact 
horizons  where  fossils  have  been  found.     In  such  cases  all  the  speci- 
mens should  be  fully  labelled  in  the  field. 

I  gave  many  years  ago  in  the  Proceedings  of  this  Society*  and 
in  the  Geological  Magazine,!  a  tentative  classification,  which  I  think 
still  holds  good  as  far  as  it  goes,  but  I  never  visit  the  district  without 
learning  something  new  about  it. 

Now  as  to  the  best  centres  to  work  from.  The  village  of  Horton- 
in-Ribblesdale  is  close  to  the  two  first-named  areas,  or,  if  a  more 
luxurious  base  of  operations  is  preferred,  the  train  from  Settle  will 
set  the  traveller  down  and  pick  him  up  at  Horton  Station. 

For  the  third  area  Austwick  or,  but  little  further  off,  Clapham 
are  most  convenient. 

If  the  home-life  and  folk-lore  of  the  people  interest  our  geologist, 
let  him  try  to  get  taken  in  at  one  of  the  farmhouses  that  lie  nestled  in 
the  snuggest  corners  of  this  margin  of  the  Fells,  and  I  feel  sure  that, 
if  he  is  a  man  of  the  right  sort  himself,  he  will  carry  away  with  him 
a  pleasant  picture  of  the  best  side  of  old  English  country  life. 

(To  be  continued.) 


*  Proc.  Geol.  Polytech.  Soc.,  W.R.  Yorkshire,  1867,  p.  565. 
t  Geol.  Mag.,  Vol.  IV.,  Aug.,  1867,  p.  346. 
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TlIK    FLORA    OF    THE    CARBtWIFEROUS   PERK>n. 

hy  robert  kidston,  f.r.s.,  f.r.s.e.,  f.c.s. 

Seooxd  Paper. 

In  the  first  piiper,  tlie  Ferns,  Equisetites.  and  Cahmuf  writ 
ilealt  with  ;  in  the  present  communication  the  Lyroporliar^-j.Silfh^ 
pfiffllf(r\  CuniaiUce,  Coniferop,  and  Ginkgoa^ece  \n\\  be  shortly  c* 
sidereil. 

Lycopodiace.«. 

Among  the  Carboniferous  Lycopods  a  few  are  found  ^f  cfflnpin- 
tively  small  size,  perhaps  not  much  larger  than  some  exotic  s|»?iitt'< 
Matjinella.  whilst  others,  like  Lepidoderuiron,  attained  to arUj^.-eai 
dimensions. 

Xo  i^rou])  of  Carboniferous  plants  rise^  to  the  same  imp'rtatrt 
as  that  uf  the  Lvcopodiace«.  It  comprises  several  genera  and  s-cw 
(>t  tliosf  contain  many  species. 

Tlie  Lycop<xis  must  also  have  supplied  much  of  the  matemlira 
wliich  our  coal  seams  are  formed.  Tlieir  importance  in  this  r«in*. 
call  he  judged  by  the  fact  that  it  is  of  frequent  occurrence  tHm..!i!i 
K\yA\.  bands  of  over  half  an  inch  in  thickne-ss  fonned  eritiiriv  •«: 
Lycopod  spores. 

We  shall  now  examine  shortly  the  chief  genera  belonging  t-tiiii 
group  which  <K-cur  in  Britain. 

I.— LYCX3P0D1TE.E. 

Ijjroiiixlites  Brongniart.  Members  of  the  genus  Lvo'/''^'" 
arc  very  rare  in  Carboniferous  times;  only  three  species  have  oi!ue 
under  my  notice  as  British,  and  each  has  only  been  represente.l  i»v 
a  sin«^Ic  specimen.  (Jne  of  these,  Lycopodites  ciliatus  Kidston.  is  iwii 
Yorksiiirc  and  was  collected  by  Mr.  Hemingway. 

The  Li/rojHMlUes  are  all  small  and  had  whorled  or  spirally-i)la'ri 
leaves.      In  hjcopod lies  guthleri  Gopp.  (Plate  LXIV.,  fig.  1),  for  lii' 


KID8T0N  :  THE  FLORA  OF  THE  CARBONIFEROUS  PERIOD.    345 

oi  the  stem,  the  two  lateral  rows  of  leaves  are  large,  single-nerved, 
jiCiid  sickle-shaped,  while  the  two  ventral  rows  are  very  small  and 
Sle^ely  adpressed  to  the  stem.  Such  types  have  a  great  resemblance 
lid  mome  forms  of  SeUiginella.  In  other  species  the  leaves  appear  to 
lio  wliorled  as  in  Lycopodites  Stockii  Kidston. 

In  some  cases  the  fructification  is  in  the  form  of  terminal  cones. 
Zlie  sporangium  is  placed  at  the  base  of  the  bract,  and  in  form  and 
|kmtion,  as  far  as  one  can  observe  from  impressions,  seems  to  agree 
■purely  with  that  of  Lycopodium,  In  the  other  case  the  sporangia 
mte  borne  at  the  base  of  the  leaves  on  an  ordinary  branch,  which  has 
Miqparently  undergone  little  or  no  modification,  as  in  Lycopodites 
fSUiatus  Kidston.  Such  forms  compare  with  the  common  Lyco- 
ffodium  selago  of  our  hills  and  moors. 

It  is  not  yet  known  whether  Lycopodites  produced  only  one 
Idnd  of  spore  (isosporous)  or  two  kinds,  macrospores  and  microspores 
Hheierosporous). 

Another  genus  which  is  placed  in  this  group  is  Archceosigillaria 
Kidston,  represented  by  a  single  species,  Archceosigillaria  vanuzemi 
Oopp.,  sp.  It  is  very  rare,  and  the  only  examples  I  have  seen  are 
from  the  Lower  Carboniferous  of  Westmorland. 

« 

II.— Lepidodendre.«. 

LepidodeTuiron  Sternberg.  This  is  one  of  the  most  common 
genera  of  Carboniferous  plants,  and  occurs  plentifully  throughout 
the  whole  formation. 

The  Lepidodendra  were  of  arborescent  dimensions,  attaining 
a  height  of  a  hundred  feet,  with  trunks  two  feet  and  over  in  diameter. 
The  stem  divided  dichotomously  and  formed  a  much  ramified  head 
(Plate  LVI.,  ^g.  1).  The  outer  surface  of  the  bark  bears  contiguous 
{Lepidodendron  aculeatum  Sternberg,  Plate  LI.,  fig.  1),  or  more  or 
less  distant  (Lepidodendron  serpentigerum  Konig  sp.,  Plate  LI.,  ^g,  2) 
rhomboidal  or  fusiform  tea f -cushions,  on  whose  surface,  generally 
above  the  centre,  is  situated  the  tea f -scar.  Within  the  leaf-scar  are 
three  punctiform  cicatricules,  the  central  being  the  vascular  scar; 
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rhioh  are  pn>bably  glandular  organs,  are  calkdtbe 
T'.r  -rAv-?*  Are  lanceolate,  short,  or  long  and  graa&-bb. 


. .  _     •  y\~.^^  _."T.  •  T. 


7-    r;->:  .-^h:  >c*  were  prot^ibly   ooiisiderably  elerat^d  in  liif 
,:  : .  r.T.  i^  .zirreasi  n>  frequently  show  them  in  this  state.    Tft? 

d^ttened  condition  in  which  thev  are  usuaOr 
found  is  in  all  likelihood  the  result  of  preooif 
I  and  the  collapse  through  decay  of  the  nusr 

v      -€  delicate  inner  tissue.    When  the  leaf-cushiofi 

V  ^  \  ..  .^  ire  distant,  the  cortex  between  them  is  li- 
ft -  -  *'?^  '.  .  variablT  ornamented  with  fine,  irreguhr. 
K    ■  *  *  •   "  k^ncitudinal,     flexuoiis    lines,    as    seen  oi 

f     '       ,^   ^  Lezii^i^fulron    serpentigerum  Konig.  (Pwf 

^      \  ' *■  '  LI.,   fig.    2).      The    8ul>cortical   surface  % 

generally  longitudinally  striated,  and  iIk 
single  cicatrice  here  shown  is  the  scar  d  ike 
vascular  bundle. 

The  following  terms  have  been  appM 
to  the  various  parts  of  the  leal-cnshioD  aiki 
scar.  Within  the  cushion  \a  the  leaf-scar. Teit 
Fig.  1.  *i,  in  form  generally  rhomboidilor 
sub-triangular,  and  containing  the  vascuUr 
scar  and  the  two  parichnos  ;  extending  bth 
abi>ve  and  below  the  leaf -scar  is  a  centwi 
keel  which  often  bears  notches  on  its  Io«i 
part.  Immediately  above  the  leaf-scar,  in 
^•^7  the  line  of  the  central  keel,  \&  a  small  cia- 

trioule   called    the    ligule    scar,   r.  and  just 
l^yond  it  is  generally  the  small  triangulir 
^  notch,  e.     The  area  surrounding  the  leif- 

s<*ar  is  the  "  field."  d.      In  most  species  't 

Lfpvioiendra  immediately  below  the  Jeaf-BCJr 

Y\^.  '2.-  L-yi-i'yf^ii'fron      are   two  oval  pits,  one  on  each  side  of  tbf 

ir. ,-/:»-    L\.     U-af      keel :  these  are  probably  glandular  organs. /. 

X'        The    field     is  generallv  free  from  anv  noarK" 
2731.)  ings,  but  in  Lepidodendron  Wartheni  l^^ 
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c- Plate  LI.,  fig.  3  and  text  fig.  2)  and  Lepidodendron  acuminatum 
r-  Odpp.  sp.,  it  is  ornamented  with  irregular  transverse  lines. 

The  fructification  consists  of  cones  (Lepidostrobus),  and  in  the 

f^cg^eeX  majority  of  species  these  terminate  the  small  branches  (Plate 

3^JbII.,  fig.  2).    In  a  few  species,  as  in  Lepidodendron  V eltheimianum 

4y8tomb.  (Plate  LVIL,  fig.  1),  the  cones  are  sessile  and  are  borne  on  the 

J./Ju^ge  stems  in  two  opposite  rows,  the  cones  of  one  row  alternating 

.    with  those  of  the  other  row.     It  is  a  peculiar  and  marked  character 

,f  of  these  so-called  Ulodendroid  Lycopods  that  the  fructification  is  only 

^.  produced  on  stems  of  considerable  size  and  age.     When  the  cones  at 

maturity  fall  from  the  stem  they  leave  a  small  cup-like  depression, 

which,  during  the  subsequent  life  of  the  tree,  increases  in  size  as  the 

tree  increases  in  girth. 

h  ^      ft 

In  many  species  the  cones  contain  macrospores  in  the  lower 
\  ^x>rangia  and  microspores  in  the  upper  sporangia,  but  whether  all 
the  Lepidodendra  possessed  heterosporus  cones  or  not,  is  not  yet 
ascertained. 

If  a  well-developed  stem  of  Lepidodendron  showing  structure  is 
examined,  it  will  be  found  in  most  cases  to  consist  of  a  central  pith, 
surrounded  by  a  zone  of  primary  wood,  the  component  element*  of 
which  are  arranged  without  definite  order,  and  to  which  when  once 
formed  no  increase  takes  place.  This  is  succeeded  by  a  zone  of 
secondary  wood  with  medullary  rays,  in  which  the  elements  are 
arranged  in  radial  order.  Immediately  outside  is  a  cambium  from 
which  additions  are  made  to  the  secondary  wood,  by  which  means  its 
extent  of  increase  in  width  is  only  limited  by  the  life  of  the  tree.  The 
whole  is  surrounded  by  a  very  thick  cortex,  generally  separable  into 
three  zones,  which  have  been  termed  the  inner,  middle,  and  outer 
cortex.  The  outer  cortex  consists  of  long,  tough,  fibrous  tissue, 
which  adds  strength  and  hardness  to  the  outer  portion  of  the  bark. 
The  leaf-bundles  spring  from  the  outer  surface  of  the  primary  wood 
and  passing  upwards  and  outwards  enter  the  leaves. 

Some  species  have  a  solid  axis  and  are  destitute  of  a  pith,  while 
in  a  few  supposed  Lepidodendron  stems  secondary  wood  has  not  yet 
been  observed,  but  this  may  simply  be  that  sufficiently  old  stems  for 
the  development  of  secondary  wood  in  these  species  have  not  yet 
been  discovered. 


:\\i< 
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JjepUofiftloios  Sternberg.  Plants  of  arborescent  growth  vitb 
dich<>t(»inoii8  ramification  (Lepidophloios  Scoiicus  Kidston,  Fkte 
LV..  tip.  1).  Stem  and  branches  bearing  well-deTeloped  sak4ke 
leaf-i'ushions.  at  or  near  whose  summit  is  placed  the  leaf-scar.  Loi- 
cushions  imbricated,  pedicel-like  (Plat«  LV.,  fig.  2),  upright  or  d^ 
flexetl.  exposed  portion  with  slightly  curved  or  straight  side?.  « 
rh<milK)idal  in  outline  (Lefndopfd^nos  laricinus  Stembg.,  PbteLVL 
tiff.  2),  sm(H^th  or  keeled,  sometimes  provided  with  a  small  tubffw 
iiiiineiliatelv    beneath    the     leaf-scar.        I^af-scars    rhomboky  or 

rhomboidal  elongate,  with  latfisl 
^  angles  rounded  or  acute.  Withii 

the  leaf-scar  are  three  piwfr 
form  cicatricules,  of  which  w 
central  is  the  vascubir  scar.  Sn^ 
cortical  cicatrice  single. 

The  fructification  is  bora 
on  specialised  branches,  and  coo- 
sists  of  caducous  stalked  ciw 
arranged  in  several  spirals  iTUt 
LV..  fig.  3). 

Ijepuiojihloios  is  not  nearly 
so  common  as  Leffifio/Mra^ 
and  is  easily  distinguished  it'Ci 
that  genus  by  the  form  t't  th^ 
cushion  and  the  position  ti  tltf 
leaf-scar,  which  is  alwa\'s  at  iw 
upixT  end  nf  the  pedieel-like  cushion,  though  when  the  oushi«« 
heenines  deflexed  the  leaf -scar  appears  as  if  placed  at  the  base.  Ten 
Fi;^^  .*).  The  exposed  portion  of  cushion  and  leaf-scar  conibine^i  i? 
^eiirrally  of  rhomboidal  form  (Plate  LVI.,  fig.   2). 

The  iiUKJe  of  fructifieation  is  also  very  different  from  thai  '-i 

* 

h'I'ltltMleihlron.  The  cones  (Ijepvlostrobus)  are  always  develope»i  in 
several  spiral  series  :  they  are  stalked,  but  the  stalks  as  well  .uj  th? 
rones  are  deciduous,  and  on  falling  leave  a  circle  of  deflexed  ka*- 
eushions  with  a  small  central  point  (Plate  LV.,  figs.  I  and  2^. 

Decorticated  examples   of   fruiting   branches    of   Lepuiojllo^^ 


Fig,  X--U,  L' pUloph/oiot*  ScoticuM 
Ki(Nt<)ii.  natural  size;  //,  cushion 
and  U-af-sciir,  onlargttl  (No.  .r29); 
'•.  L'  //I'ffop/i/oioM  art^roMUJi  L.  and 
H.  sp. .  cusliion  an<l  leaf -scar, 
i-nlargtMl.     iXo.    TtW. ) 
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named  Halonia  (Plate  LllL,  fig.  2)  before  their  true  nature  was 
'||Mlwu.  In  this  condition  the  stem  bears  spirally-placed  rows  of 
^ilMEUlltt-like  protuberances,  but  in  the  corticated  condition  the 
n|b|||nM8ions  between  the  mamillse  were  filled  up  with  the  cortex,  so 
OM  when  the  bark  is  present  they  rise  little  above  the  general  level 
^|Vthe  branch  (Plate  LV.,  fig.  2). 

n  The  structure  of  the  stem  is  similar  in  type  to  that  of  Lepidoden- 
i||nm,  though  the  secondary  wood  appears  to  be  produced  at  a  later 
aptariod  and  in  some  species  it  has  not  yet  been  observed. 
1^  Lepidophloios  occurs  in  both  the  Upper  and  Lower  Carboniferous. 
f^  Lepidostrobus  Brongniart.  In  Lepidostrobus  are  placed  the 
rj(gffindrical,  ovoid,  or  oblong  cones  with  a  ligneous  axis  and  single- 
''ed    bracts    or     sporophylls 


axis 


Fig.    4. — LepidoHtrobwi — t 

bract  or  sporophyll,  bearing  sporan- 
gium d^  containing  macrospores ; 
a,  limb  of  bract.     (Restored.) 


knged  in  spirals  (Plate  LI  I., 
ifg.  2,  and  Plate  LV.,  fig.  3). 
^Ilie  bracts  consist  of  two  parts, 
«  basal  portion  or  pedicel  spring- 
Wg  from  the  axis  almost  at  right 
langles,  and  on  which  is  placed 
the  sporangium,  and  a  limb 
'which  extends  upwards  at  an 
4M^ute  angle  from  the  extremity 
of  the  pedicel,  Text  Fig.  4.  The 
lower  bracts  bear  the  macrosporangia,  and  the  upper  the  micro- 
sporangia.  The  macrospores  are  smooth  or  apiculate  and  are  provided 
with  a  tri radiate  ridge. 

Lepidostrobi  are  extremely  common  in  Carboniferous  strata,  but 
in  the  majority  of  cases  it  is  impossible  to  refer  them  to  the  parent 
plant,  hence  they  are  placed  in  the  provisional  genus  Lepidostrobus, 
in  which  are  included  cones  belonging  to  Lepidodendron,  Lepuloph- 
laioSy  and  Bothrodendron. 

Lepidophyllum  Brongniart.  Lepidophyllum  embraces  the  single- 
nerved,  more  or  less  lanceolate  leaves  so  frequently  met  with, 
and  which  it  is  impossible  to  refer  to  the  plants  which  have  borne 
them.  Text  Fig.  5.  They  belong  in  part  to  Lepvlodendron  and 
Lepidophloios,  and  also  to  some  Sigillaria. 


THE  PLOBA  OF   T 

II I .— BoTlIBODE.VDBE.t 

Bolhro'leniiron  LJndley  and  Uutton.  The  Baihroileinln  i 
of  the  most  inleresling  genera  of  the  arborMfeni  Int 
Their  stenia  ramified  by  dkhntoamiyi 
{BothrocUn/hon  mtmlifoliiim  Boolir  i 
Plate  LIV..  %  1).  On  the  nutans 
the  small  distant  leaf-scars,  lUrmMmtaJm 
a  small  cicatricule,  are  oral  or  onl  litbf 
or  less  prominent  lateral  anglu,  tod  dUi 
three  punetiform  cicalrieuW  TV  '* 
between  the  cuahionless  leaf«»n  *  < 
mented  in  all  cases  with  pnlaf 
exception.  In  the  common  L«« 
Middle  Coal  Measure  species.  BolAfrin 
minutifolium  Boulay  sp..  il  is  b(W 
adorned  with  a  series  of  shnrt,  im 
irregular    lines    and  ^ 

corrugations,  which 
divide  the  outer 
snrfaoe  into  very 
numerous  small, 
irregular,  vermicu- 
liir.  oblong  shagreen. 
each  particle  of  which 
l)ear8  a  row  of  little 
pit-like  dots.  Text 
Fig.  (i.  This  beautiful 
"'"'  ^■\  structure  can  only  be 
seen  with  a  iens,  the 
leaf-sciira  themselves 
l)eing  only  about  (me- 
dia meter. 

.  tlie  young  branches  of  Bothroden- 

linntifd'nim.  iind    possibly  on   other 

also,  wc  find  ;i  most  interesting  con- 

•f  the  leaf-scar      The  young  branches  bear  finely-c 


;«.    Hmiigl. 


Itit'tli  . 
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ted,    rliomboidal  cushions    (Plate   LIV.,   fig.    3).   near  whose 

is  placed  the  small  leaf-scar.     As  growth  proceeds,  and  at 
'\y  period,  these  cushions  become  entirely  effaced,  and  the  leaf- 
are  carried  more  widely  apart  (Plate  LIV.,  fig.  1  at  a,  and 
Small  twigs  showing  the  cushions  might  easily  be  mistaken 
UBg  branchlet^  of  Lepidodtruhon. 

E  two  species  the  mode  of  fructification  is  known.     In  Botkro- 
Mi  minatifolium  it  consists  of  long  slender  cones  (Plate  LIX., 

with  bracts  arranged  either  in  close  whorls  or  very  gentle  spirals, 
tiich  I  cannot  at  present  deter- 

These  slender  cones  terminate  A 

branchlets.       In    the   other  q 

i,  Bolkrodendron  punctatum 
I  H.,  the  fructification  consists 
4le  cones  borne  in  two  vertical 

which  gave  rise  to  cup-like 
salons  on  the  stem  in  a  similar 
er  to  that  pointed  out  when 
ing  of  the  fructification  of  the 
iodroid  section  of  Lepidoden- 
These  fruiting  portions  of 
odendron,  can,   however,  even 

decorticated,  be  easily  dis- 
ished  from  the  corresponding 
of  Lepidodendron  by  the  posi- 
>f  the  umbilicus  of  the  cone 
In  LepuIoderulTon  it  is  always 
il,  in  BolhTodendran  it  is  eccen- 
ind    always    placed    near   the 

margin   of   the   cup-like  depression. 
:    leaves   of   Bolhrodendron   minulifoiium  and   Bolhroderuiron 
itum,  the  only  two  Carboniferous  species  of  which  the  foliage 
iwn,  are  small,  single-nerved,  and  broadly  lanceolate, 
■he  internal  structure  of  the  stem  is  unknown. 
'he  genus  is  represented  both  in  the  Upper  and  I^)wer  Carbon- 
s,  but  is  very  rare  in  the  latter  division. 


Fig.7- — SigHlaria  Bmrtlii  timnift. 
Cope's  -Marl  Pit,  LoiigU>ri,  Swf- 
fonlahiri),  Sliale  almve  Peacock 
c(m1,  Middle  Coal  Me^urva.  A, 
Leaf  (.'iishion  (a).  Leaf  M'ar  (b): 
c,  cicatrioiilfinf  vascular  butidte ; 
it  d,  pariclinoA:  enlargvd.  {No 
817.) 
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The  BothroJeruira^  in  the  characters  theypo68efia.seemtoholda 
intenne^iiute  poeition  hetween  the  Le pidotiendra  and  the  Si^illihi. 

IV. — SlGIIX.VRIE.«. 

SujUlaria  Brongniart.  Arborescent  Lycopods,  with  c*ct» 
like  or  cohimnar  trunks,  or  very  sp>aring]y  dichotomoiulv  brancW 
stems.  The  Iwrk  is  longitudinally  ribbed  or  smcxith.  The  hen^ 
leaf -scars  are  contiguous.  Text  Fig.  7,  or  distant  with  more  or  lei 

rounded    angles,  the  tw 
lateral  angles  being  nrai 
prominently    deTtlopri. 
Text  Fig.  8.  Within  thfW- 
scar  are  three  cicaincnk 
of    which    the   centnl  it 
punctiform,      tmnsr^wlT 
elongate,  or  sub-triangukr; 
tlie    two    lateral  are  up- 
right, and  either  straidlt 
or  lunate,  and  larg^^rtbn 
the   central  vascular  «fir. 
The  leaf-scar  is  frequentlr 
placed  on  a  more  or  Vn 
prominent  elevation,  which 
in    the  case  of  the  ribbed 
Sitfillarui'     slopes    down- 
wards   from    the  leaf^car. 
Immediately  above  thekaf- 
scar  a  small  cicatnculf  is 
frequently    present.    Sub- 
lateral     vertical,   large  and 


Fig.  S.  Sit/iJ/ftria  jfrincipif*  Weiss.  Old 
Mills  Pit.  Kiirriiigton-(fUrney,  Somerset. 
I /or.  I><>wer  Series  of  the  Upper  Coal 
Mejisurrs.  A,  imtural  size ;  B,  leaf-scar 
enlarge*! ;  a,  area  (if  scar;  '>,  cicatrice  of 
vascular  bundle :  c  r,  parichnos ;  f/, 
"ligule"  scar.     (No.  4*21.) 


vpideriiial  cicatrices,  three;  the  two 
hiiuite,  or  straiglit,  and  united  in  the  centre  by  the  circular  or 
oblong  viiscular  scar ;  or  two  through  the  obliteration  of  the 
central  scar.  They  attain  considerable  size  on  old  stems  and,  through 
coalescence,  sometimes  appear  as  one  large  scar.  The  siib-epidemul 
surface  is  longitudinally  striated. 

The   leaves  are   single-nerved,   linear  lanceolate,   or  long  ami 
grass- 1  ike. 
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J  The  fructification  is  in  the  form  of  caducous  cones  (Sigillarios- 
■kopfriu),  in  some  stalked  (Plate  LY.,  fig.  4)  and  placed  in  the  hollows 
een  the  ribs  (Sigillaria  mamillaris  Brongt,,  Plate  LXL,  fig.  3), 
between  the  leaves  (Sigillaria  Brardii  Brongt.,  Plate  LVIIL, 
3  at  a)  in  the  non-ribbed  species.  On  falling  from  the  stem  the 
leaves  a  distinct  circular,  or  irregular,  shaped  scar.  The  cones 
ppfrm  regular  verticils  of  a  single  row  {Sigillaria  elegans  Sternb.  sp., 
S%ikte  LVIIL,  fig.  3),  or  of  several  rows  {Sigillaria  tessellata  var. 
fUmdcsa  Bowman  sp.,  Plate  LVIIL,  fig.  1),  or  may  be  somewhat  irregu- 
pifly  placed,  especially  on  the  non-ribbed  species.  In  others  the 
^locies  are  sessile  and  form  two  opposite  alternate  rows  (Plate  LIL, 
W^  4),  leaving,  when  shed,  two  vertical  rows  of  cup-like  depressions 
trith  a  central  umbilicus  {Sigillaria  discophora  Konig.  sp.,  Plate  LX., 
.Jl^.  1),     {Ulodendron  L.  and  H.  in  part.) 

The    Rhizome    of   most   species    of    SigillaricB    is    Stigmaria 
Brcmgt.,  in  others  Stigmariopsis  Grand  'Eury. 

The  SigillaricB  have  been  divided  into  four  sections,  according 
to  whether  the  stem  is  ribbed  or  smooth,  and  whether  the  leaves  are 
elofle  or  more  or  less  distant.  These  four  groups,  though  well 
characterised  in  some  species,  pass  into  each  other,  and  though  they 
may  assist  in  classifying  a  very  difficult  genus,  they  cannot  be  regarded 
'  as  natural  divisions  or  genera  as  originally  supposed.  In  all,  the 
leaf -scar  is  of  similar  structure. 

Section   I. — Rhytiddepis  Sternberg. 

In  this  section  the  stems  are  distinctly  ribbed,  the  ribs  straight 
or  slightly  flexuous,  with  surface  smooth  or  variously  ornamented. 
Leaf-scars  alternate  on  neighbouring  ribs  and  occupying  the  whole 
or  only  part  of  the  width  of  the  rib,  either  close  or  more  or  less  distant. 
There  is  frequently  a  transverse  lunate  depression  above  the  leaf-scar. 
The  cone  scars  are  situated  in  the  furrows.  Typical  form,  Sigillaria 
mamillaris  Brongt.  (Plate  LXL,  fig.  3). 

Section  II. — Favularia  Sternberg. 

Stem  ribbed,  ribs  flexuous  and  divided  into  sub-hexagonal 
compartments  by  transverse  depressions.  Leaf-scars  alternate, 
occupying  the  whole  width  of  the  rib  and  resting  on  each  other,  or 
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only  sepiirated  by  a  very  narrow  space.  The  lateral  angles  oi  tLe 
alternate  leaf-sc^irs  project  slightly  and  impart  to  the  furrows  a  m«e 
or  h«3  zi^-zag  course  {Sigillaria  eU^ans  Stemb.  sp.,  Plate  LVIIL 
tig.  3).      The  cone  scars  fomi  a  verticel  round  the  stem. 

The  chief  distinguishing  character  of  this  section  is  the  close  kai- 
soars  and  zig-ziig  furrows. 

Skction   lU.—Clathraria  Brongniart. 

Stems  without  ribs  with  leaves  placed  on  contiguous,  slightly 
elevated,  rhomboidal  cushions,  which  are  se])arated  by  deep  obbqif 
furrows.  Cone  scars  forming  irregular  verticils  and  placed  in  the 
furrows  between  the  leaf-cushions,  or  in  two  opposite  vertical  rows^ 

Typical  form,  Sigillaria  Brardii  Brongt.  (Plate  LVIIL. fig.--. 

Skcfio.n    W .—Leiodermaria  Goldenberg. 

Stems  without  ribs  having  distant  leaf-scars  without  cushioos. 
Surface  of  bark  between  the  leaf-scars  variouslv  omamenteJ,  often 
with  fine  Kmgitudinal,  flexuous  striae,  which  are  frequently  ctob- 
iiat^^-lied  with  delicate  lines  {Si-gillaria  campioiopnia  Wood  sp..  Plate 
LXl.,  f\^.  '2).     The  cone  scars  form  irregular  broad  verticils. 

The  WiytidoUfris  and  Favularia  sections  pass  into  each  other, 
aiul  only  in  a  very  few  species  can  the  distinction  be  observed 

Any  interfoliar  space  on  the  surface  of  the  ribs  is  seldom  or  never 
entirely  free  from  some  ornamentation  in  the  form  of  transverse  lines 
or  small  irregular  punctations,  especially  immediately  abt>ve  and  below 
the  leaf-scar.  Sometimes  the^e  ornamentations  are  verv  prominent 
and  form  a  distinct  central  band  connecting  the  leaf-scars  (Si^iWiria 
ru(fom  Brongt.,  l^late  LXL,  fig.  1).  A  sUghtly  raised  line  generally 
descends  from  the  lateral  angles,  occasionally  extending  to  the  lower 
leaf-scar  and  forming  the  limit  of  the  central  band  of  omamentatii*. 

The  two  sections  Clathraria  and  Leiodermaria  also  pass  into 
each  other ;  in  fact,  they  occur  on  the  same  specimen  (Plate  LIX.,  fig.  li. 
and  thus  appear  to  be  only  conditions  of  growth.  The  distance  or 
approximation  of  the  leaf-scar  cannot  always  be  regarded  as  a  speciiie 
mark,  for  even  in  the  ribbed  Sigillariae,  with  normally  distant  leaf- 
scars,  specimens  are  occasionally  found  on  which,  apparently  fnwi 


KIDSTOM:   TBB   FLORA   OP  TUE   CARBONIFEROUS   PERIOD. 


365 


«tifeebled  conditions,  the  leaf-scars  become  approsimatod  {St^Ularia 
JSkutveuri  Zeiller,  Plat«  LIV.,  fig.  4).  There  are,  therefore,  really  only 
two  aections,  those  with  ribe  and  those  with  smooth  or  unribbed  stems. 
Those  species  with  the  cones  arranged  in  two  vertical  rows  are 
few  in  number.       Sigillaria  discopficra  Konig  sp.   {"Ulodendron 
wtMttu  L.  and  H.)  (Plate  LX.,  fig.  1)  is  frequent  in  the  Upper  Carbon- 
while  another  Ulodendroid  form,  Sigillaria  TaylcH  Carr  sp., 
a  the  Lower  Carboniferous. 
The  leaves  in  the  great  majority 
^  of  SigiUaruB  are  long  and  grass-like, 
H;  with  a  single  nerve,   but  a  few  had 
"^  riiorter  lanceolate  leaves. 
St'-         The   cones    of   SigiUaria  {SigU- 
\  WrioitTtinu)  have  hitherto  always  been 
i  diaeovered  separated  from  their  parent 
J  trunks  though  frequently  attached  to 
e.  their  pedicels,   and    from    one    such 
V  ihowing  the   Sigillarian  leaf-scar,  M. 
Zeiller  wa«  able  to  prove  their  Si^l- 
luian  origin.      The  Sigilkrian  origin 
>    of  these  cones  had  long  been  suspected, 
but  satisfactory  proof  was  wanting. 

Owing  to  our  inability  of  asso- 
ciating these  cone«  with  the  species 
to  which  they  belong  they  are  placed 
•  in  the  genus  Sigillariostrobus  (Plate 
LV.,  fig.  4).  These  cones  differ  essen- 
tially in  their  structure  froiii  those  of 
Lepidostrobus.  In  LepidoslTdkfis  the 
sporangia  are  placed  on  the  p^cel- 
like  portion  of  the  bract,  whereas  in  Sigillariostrobus  the  sporangia 
are  developed  within  the  inflated  and  hollowed-out  Bul»tance  of 
the  base  of  the  bract,  Text  Fig.  9.  The  cones  of  Sigillaria  were 
probably  heterosporous ;  at  least  one  specimen  I  possess  points  to 
this  conclusion,  but  owing  to  the  imperfection  of  this  example,  the 
opifaion  requires  confirmation  before  being  definitely  adopted. 


»*1^ 


angia  oontaining  macro»pore» 
{ 1 4).  B,  reBtoration  of  Bpor- 
angium— a,  axia ;  6,  wall  of 

■porangium. 
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The  structure  of  the  Sigillarian  stem  is.  in  some  case*,  d  \\ 
same  lype  as  c»ccurs  in  Lepidodendron  where  the  primary  wui>llV«ni 
a  ol»»se  rinu  enclosing  the  pith  ;  in  other  examples  the  prinian  ta 
forms  a  ciR*le  of  distinct,  but  closely-placed,  vascular  wedges.  Th?i 
two  types  pass  into  each  other,  the  passage  taking  place  even  inti 
Slime  specimen,  by  the  lateral  union  of  the  wedges  am(»ng  thems?h? 
As  in  Lrj'idotiendron,  increase  to  the  vascular  system  takes  plact  b 
the  addition  of  a  zone  of  secondary  wood  from  a  cambium  layer.  Ti 
whole  is  enclosed  bv  a  thick  bark. 

Sig'dlaria  is  an  a 
tremelv  distinct  genu 
which  c^imprises  ma] 
species.  It  is  rare  in  Low 
Carboniferous  timeg,  as 
reaches  its  maximum  •^ 
velopment  in  the  Middl 
Coal  Measures,  where  i 
is  represented  by  a  ctai 
siderable  number  of  spwis 
The  Sigillaria  mas 
also  have  played  a  m«t  in 
port«int  part  in  the  foray 
tion  of  coal,  and  proKti 
the  spore-bands,  to  whie 
reference  has  already  bee 
made,  were  largely  conti 


Fig.     !•'.--  Sfiifniftrin     nrrn'tftft     Stcnib.    sp. 

A,  purtinii    of    rljizonu'.    natural     size: 

B,  rtMjtlet    scar-  'I,    vjujcular    cicatrice; 
/',  circular  depression. 


bated  to  by  spores  from  Sigillanan  cones. 

Sfifjrnaria  Brongniart.  Stigmarixi  (Plate  LVI.,  fig.  3,  andTrt 
fig.  10),  wliich  is  the  rliizome  of  the  arborescent  Lycopods,  diirergi 
from  tlie  base  of  the  trunk  in  four  main  branches.  Shortly  ift« 
ie^ivingthe  trunk  these  again  bifurcate,  forming  eight  branches,  an 
again,  at  a  distance  of  a  few  feet  from  the  previous  fork,  ihei 
bifurcate  into  sixteen  branches.  They  do  not  again  divide,  orif « 
only  very  rarely.   Any  terminations  1  have  seen  end  in  a  blunt  p« 

The  outer  surface  of  the  cortex  bears  quincuncially^rrangc 
rootlet  scars,  consisting  of  a  slightly  raised  rim,  containing  a  circuti 


'        KIDSTON  :  THE  FLORA  OP  THE  CARBONIFEROUS  PERIOD.    357 

-depressed  ring  placed  about  midway  between  the  central  single  vas- 
oular  cicatrice  and  the  outer  margin  of  the  scar,  Text  Fig.  10.  The 
>lootlets  are  very  long  and  bifurcate  at  the  extremity,  though  it  is 
kMldcHn  that  one  finds  them  in  this  perfect  condition.  It  is  possible 
rlliat  some  of  the  rootlets  did  not  bifurcate,  but  remained  simple. 

Specimens  of  Stigmaria  showing  structure  are  not  uncommon. 
The  rhizome  consists  of  a  large  pith  surrounded  by  a  zone  of  exo- 
.genously  developed  scalariform  tracheides,  which  is  divided  into  a 
number  of  wedges  by  the  thick  primary  medullary  rays.  These 
wedges  again  contain  many  less  prominent  secondary  medullary  rays. 
.The  vascular  system  is  enclosed  in  a  thick  cortex.  The  cast  of  the 
.pith  cavity  shows  the  impression  of  the  netted  cylinder  of  the  vascular 
axis  (Plate  LIL,  fig.  3),  which  is  a  distinguishing  character  between 
Siigmaria  and  Stigmariopsis, 

Stigmaria  is  the  most  common  fossil  one  meets  with  in  Carbon- 
iferous rocks.  It  is  the  rhizome  of  Lepidodendron,  many  SigillaricB, 
and  most  probably  also  of  Lepidophloios,  though  it  has  not  been 
actually  found  united  to  the  stems  of  the  last-mentioned  genus. 

Several  species  and  varieties  occur,  the  characters  being  founded 
on  the  size  of  the  rootlet  scars  and  the  ornamentation  of  the  outer 
surface  of  the  bark. 

Stigmariopsis  Grand  'Eury.  Though  this  genus  is  closely 
related  to  Stigmaria,  from  the  investigations  of  Solms-Laubach,  it 
must,  I  think,  be  separated  from  it.  It  is  true  that  little  is  known 
of  the  organisation  of  Stigmariopsis,  but  the  little  known  appears 
Bufficient  to  raise  the  fossil  to  generic  ranL 

Stigmariopsis  {Stigmariopsis  anglica  Kidston,  Plate  LI.,  fig.  4) 
is  founded  on  Stigmaria-like  rhizomes  which  are  proportionately 
shorter  and  thicker.  They  spring  from  the  hollow  cup-like  base  of 
a  Sigillarian  stem  in  four  primary  arms,  which  again  bifurcate, 
possibly  several  times.  From  the  lower  surface  of  the  four  primary 
divisions,  immediately  at  the  base  of  the  trunk,  spring  downward 
directed  conical  growths — the  tap-roots  of  R.  Brown.  The  surface 
of  the  rhizomes  and  tap-root-like  growths  bear  quincuncially-arranged 
rootlet  scars,  similar  in  structure  to  those  of  Stigm^iria.     LikQ^Stig- 
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laaria.  the  rootleU  bifurcsted  at  the  extremity  though  mmt  kit 
huve  lieen  simple. 

The  outer  surface  of  the  bark  between  the  nmtlel-v*n  Wi 
an  irregular  reticuUtion  of  slightly  raised  ridges.  This  U  pvlaUt 
produced  by  a  sub-epidermal  layer  of  aclerench^-malcuc  ti«tt.  tk 
etninda  of  whk'h  uniting  amongst  tbeooselres  form  a  Det-Uke  mitit- 
lation  (Plate  LI.,  tig.  5).    The  dense  nature  of  this  (issue  would  unt 


Fig.  11.  — Omphnlaphloiot  any/imii  Stemb.  sp.  A  to  £.  fnwn  diflinM 
portions  uf  the  «sme  apecimen  (Xo.  42tt)  ;  P  and  G,  portiotn  uf  utotlM 
t'xartiiilc  |X<..  433) ;  A,  C,  and  F,  luttuiwl  size ;  B,  U,  E,  C,  cnbrged- 
a\\  from  Canicrton,  Somereet.     For  explanatiou  of  lettering  te«t«it. 

itself  on  the  outer  surface  when  the  specimen  was  subjected  toprtaarf 
and  decay.  The  cast  of  the  pith  cavity  is  ribbed  and  somevlut  is 
;ip|)eaTance  like  the  cast  of  a  Catamite,  but  without  joints  (Pbie  UV.. 
fig.  5). 

The  genus  is  rare  in  Britain,  but  probably  more  commoo  ihin 
suspected,  as  it  may  have  been  passed  over  for  Stigmaria. 

The  most  important  characters  on  which  this  genus  stands  rf 
the  Calami te- like  ribbed  cast  of  the  pith  cavity,  and  the  irr^uhr 


KIDSTON  :   THE   FLORA   OF  THE   CARBONIFEROUS    PERIOD.         359 

^  ineBh-like  markings  on  the  outer  surface  of  the  bark.  The  corre- 
'flponding  cast  of  the  pith  cavity  of  Stigmaria  would,  on  the  other 
Le^luuid,  show  the  impression  of  the  surrounding  netted  cylinder,  the 
ibvill|iemngs  in  the  mesh  being  the  channels  through  which  the  primary 
E  ^Mdullary  rays  passed  out.  The  character  of  the  pith  cast  can, 
r.liowever,  be  seldom  observed,  and  in  its  absence  one  has  only  the 
r  veliculated  or  wavy  ornamentation  of  the  outer  surface  of  the  cortex 
to  direct  one,  but  this  seems  to  be  a  characteristic  feature  of  the 
I    genus. 

OmphcUophloios  White.     The  fossil  now  placed  in  Omphalophloios 

*  was  originally  described  by  Sternberg  as  Lepidodendron  anglicum, 
\  jmd  subsequently  placed  in  Stigmaria  by  Brongniart. 

In  Omphalophloios  (Omphalophloios  anglicus  Sternb.  sp.,  Plate 

.   LXIV*,  fig.  4)  the  cortex  is  divided  into  clearly-defined  rhomboidal 

*  

t.  areas.  Text  Fig.   11,  A.C.F.,  within  which,  and  a  short  distance 

'  above  the  centre,  is  an  elevated  sub-cordate,  or  oval  cushion,  with  a 
f .  slightly  raised,  ring-like  margin.  Text  Fig.  11,  B  6,  containing  a  little 
above  its  centre  an  oval  scar  with  a  single  vascular  cicatrice,  Text 
Fig.  11,  Be.  Immediately  below  this  upraised  cushion,  and  attached 
as  it  were  to  its  outer  side,  is  a  triangular  ridge-like  elevation 
containing    a  small  pit.  Text  Fig.  11,  B  d. 

Omphalophloios  is  probably  the  rhizome  of  one  of  the  arborescent 
Lycopods,  and  is  easily  distinguished  from  Stigmaria  on  the  one 
hand,  and  from  Lepidodendron  on  the  other,  by  the  form  of  the 
vascular  scar  and  cushion.  This  fossil  is  very  rare  in  Britain,  and 
has  hitherto  only  been  found  in  the  Radstock  series  of  the  Upper  Coal 
Measures  of  Somerset. 

Affinities  of  the  Carboniferous  Lycopods.  I  can  here  only 
summarise  the  conclusions  arrived  at  as  to  the  affinities  of  the  various 
Carboniferous  genera  of  Lycopods.  To  give  all  the  evidence  on  which 
these  opinions  are  based  would  too  far  extend  the  present  paper. 

The  genus  Lycopodites  is  very  closely  related  to  the  existing  genera 
Lycopodium  and  Selaginellay  and  is  probably  their  progenitor.  Some 
botanists  have  even  placed  the  members  of  the  genus  Lycopodites  in 
Lycopodium,  but  we  are  scarcely  warranted  to  take  this  course  until 
we  possess  more  definite  knowledge  of  their  fructification. 
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Ijepidodendroriy  LepidophlaioSy  and  Bothrodendron,  though  vx> 
possess  the  essential  cliaracters  of  the  LycopodiacecE,  appear  to  hivt 
entirely  passed  away  without  leaving  any  descendants. 

Sigillaria,  in  the  manner  in  which  the  sporangia  are  imm«iied 
in  the  sporophylls,  shows  considerable  affinity  with  the  existing  asd 
diminutive  Isoetes,  In  fact,  Goldenberg,  many  years  ago,  siatfti  '\k 
belief  that  Sigillaria  was  an  arborescent  form  of  Isoeta,  and  sub- 
sequent investigations  have  added  much  to  strengthen  this  nev. 

Sphenophyllace.*. 
Sphenopiiyllum  Brongniart.      The  genus  Splienoph\/llum  boUi 
a  unique  place  amongst  both  fossil  and  recent  plants. 

The  various  species  of  Sp^nt 
phyllum  have  slender  ribbed  ««* 
with  tumid  or  swollen  nodes :  the  nb 
do  not  alternate  at  the  nodes,  bn 
continue  in  the  same  line.  The  inic 
nodes  vary  considerably  in  lengtl 
(Sphenop/iyllum  myriophylhm  Cr^pii 
Plat«  LXIII.,  fig.  2),  and  the  bran.:t( 
are  given  off  at  irregukir  intervak.  'fl 
branch  only  being  giveno!!fix>nuRM 
The  leaves  in  the  t^-pical  loniiJi: 
cuneate,  Text  Fig.  12,  A  and  B,  • 
wedge-shaped,  but  they  vary  nnuh.n 
only  on  different  species,  but  even  '. 
the  different  parts  of  the  plant,  imdt^ 
variation  can  be  observed  even  on  t! 
same  specimen.  The  nornial  v^ii 
shaped  leaf  passes  into  leaves  diviii 
into  two  clee]>Iy-cut  lobes  {Sphenophyllum  via  jus  Bronn.  sp..  IV 
I  All.,  a  at  rt),  which  again  are  bifid,  or  they  may  he  reduoeii 
(lichotonioiisly-dividod  filiform  segments  which  radiate  fan-like  tr- 
rho  l»aso,  Text  Fig.  12,  C,  or  may  even  be  simple,  narrow,  him-e^'L 
leaves  forniintx  a  whorl  round  the  stem.  These  latter  seem  i" 
restricted  lo  the  larger  branches.  The  nervation  repeatedly  bifun-ai 
a  single  vein  let  going  into  each  tooth  or  segment  of  the  leaf. 


Kig.  12.-- A  and  B,  Sphnw- 
lihyllinn  rtimfolium  Sternb. 
sp.  A,  Wliorl  of  leaves, 
natural  size  (No.  27<K)).  B, 
lAiif.  i'ulargwl  to  show  teeth 
ami  nervation  (No.  15(>6). 
( ',  Sftfn  nophyllum  trichoma- 
t<>suin  Slur,  natural  size  (Xo. 

1(»1(H. 
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Fig.  IS.  —  Sphenophj/Uum 
majua  Bronn.  Bract 
RhowiBg  four  sporangia 
— sessile  and  united  to 
each  other  by  their 
bases. 


The  fructification,  often  placed  on  short  lateral  branches,  is 
mmonly  in  the  form  of  terminal  cones  composed  of  more  or  less 
lodified  leaves  whose  basal  portions  unite  to  form  a  saucer-like 
lOar  surrounding  the  axia  The  distal  portion  of  the  bract  is  free 
id  erect.  In  the  cones  the  whorls  of  bracts  alternate,  but  on 
le  steins  the  leaves  are  superposed. 

In  Sjihenopkyllum  majus  Bronn.  sp. 
le  fruiting  portion  of  the  plant  is  little 
.odified  from  an  ordinary  foliage  branch, 
lOUgh  the  bracts  are  united  into  a  very 
UTow  collar  which  surrounds  the  stem, 

ig.  13. 

The  arrangement  of  the  sporangia 
.  the  cones  of  the  various  species  varies 
iDBiderably. 

In  Sphenophyllum  cuneifdium,  the  common  Middle  and  Lower 

Mil  Measure  species,  the  sporangia  usually  form  three  whorls  placed 

I  pedicels  of  varying  length  which,  however,  all  spring  from  the 

»ct  close  to  the  axis,  Text  Fig.  14.     It  therefore  follows  that  those 

the  first  whorl  have  shorter  pedicels  than  those  of  the  second,  while 

those  of  the  third  whorl  have  pedicels 
longer  than  those  of  the  two  inner  circles 
of  sporangia.  A  small  vascular  bundle 
enters  each  pedicel  or  sporangiophore, 
which  is  therefore  most  probably  a  modi- 
fied segment  of  the  bract. 

In      Sphenophyllum     trichomatosum 
Stur  the  sporangia  ^re  sessile,  Fig.    15. 
In  Sphenophyllum  majus  Bronn.  sp.  the 
sporangia  are  also  sessile,  but  united  by  • 
their  bases  into  groups  of  four.  Fig.  13. 
The  spores  of  Sphenophyllum  are  very  characteristic,  the  spore 
jmbrane  being  ornamented  with  spine-like  projections  connected 
a  series  of  reticulate  ridges. 

The  stem  of  Sphenophyllum  consists  of  a  solid  axis,  formed  of 
primary,  three-rayed,  vascular  star,  developed  centripetally.      To 


J.  14.  —  Sphenophyllum 
nintifoliujn  Stemb.  sp. 
A.rrangement  of  the 
iporangia. 
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this  is  added  a  zone  of  secondary  wood,  formed  from  a  cambium  Uy?r. 
and  as  this  secondary  zone  increases  in  width,  the  star-like  fonn  d 
the  primary  wood  is  lost  and  the  bundle  becomes  circular  in  ioni 
through  the  external  addition  of  the  secondary  wood.  The  vkk 
is  enclosed  by  a  firm  hark. 

Owing  to  the  dimorphic  condition  of  the  leaves,  it  was  fonneih 
supposed  by  some  that  Sphenophyllum  was  an  aquatic  plant,  bd 
this  is  not  the  c^ise.  The  whole  structure  of  the  plant  makes  it  da 
that  Sphenophyllum  was  terrestrial,  though  from  their  long  deiicu 
stems  they  must  have  had  some  support  to  keep  them  in  an  upii^ 
position,  and  this  support  they  probably  found  by  scrambling amon^ 
the  surrounding  vegeUition. 

S ph^nojihyllum,  not  only  in  the  structure  of  its  stem,  but  abo 
that  of  its  cones,  exhibits  so  many  peculiarities  that  it  is  impossibie 
inchide  it  with  any  other  group  of  plants.   With  the  casts  of  Cakmi 

it  has  a  certain  superficial  resemblaz 
in  its  noded  stems  and  whorled  leareg.  \ 
the  solid  axis  and  non-alternating  nlji 
Sphenophyllum^  along  with  its  dicho 
mously-divided  leaves  as  well  as  \ 
structure  of  its  cone,  differ  so  much  fn 
Fig.  ir,.  -  Sph.uophylhnn     ^j.^  Calamiies  that   anv  svstematic  re 

trichomatosum  Stur.    Ar-         •        i  •        •  *       ' 

rangement  of  sporangia     ^^^^ship    18     entirely    precluded      \^ 
(enlarged).  AsterocalaTniUs   it    has  a  greater  rese 

blance  in  the  ribs  of  both  not  ahemati 
at  tlie  ncxies  and  in  the  leaves  being  dichotomously  divided  t 
Sphenophyllum  differs  here  also  in  its  solid  axis  and  in  the  stnicti 
of  the  cone,  presuming  tliat  Pothocites  is  the  cone  of  AsterocaLamUt 

Nor  witli  the  Lycopodiacese  does  Sphenophyllum  seem  to  ha 
any  close  connection.  The  jointed  stem,  dichotomouslv-divid 
leaves,  and  structure  of  the  fructification  are  very  different  fn 
anything  found  amongst  the  Lycopods. 

Tlie  genus  Sphenophyllum  must  therefore  stand  alone  as  a  pecul 
and  interesting  type  of  plant  which  appears  to  have  become  extii 
in  early  geological  times. 
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Gymnosperms. 
We  now  pass  to  the  G3anno8penn8,  of  which  we  shall  briefly  con- 


the  CordaitecB,  Coniferce,  Ginkgoacece,    Of  the  Cycadacece  there 
no  evidence  of  their  occurrence  in  British  Carboniferous  rocks. 

CORDAITE.«. 

In  the  CordaitecB  are  placed  the  genus  Cardailes  and  certain 

lera  of  fossil  fruits,  some  of  which  belong  to  Cordaites,  but  which, 

owing  to  our  ignorance  of  the  species  of  Cordaites  to  which  they 

Iwlong,  necessitates  their  being  placed  in  separate  genera  until  their 

{ jMBunentage  has  been  ascertained.     It  is  possible,  however,  that  some 

t.jneds  at  present  included  in  the  Cordaitece  may  not  belong  to  that 

group,  but  may  be  the  seeds  of  other  plants,  which,  with  the  excep- 

.  tioQ  of  the  fruit,  may  be  quite  unknown  to  us. 

Cordaites  Unger.  This  genus  occupies  a  very  prominent  and 
important  place  amongst  the  plants  of  the  Carboniferous  Period,  for 
though  Cordaites  extends  into  the  Permian  Formation  it  is  essentially 
a  Carboniferous  genus,  for  the  plant-bearing  beds  near  St.  John, 
New  Brunswick,  from  which  the  late  Sir  William  Dawson  recorded 
Cordaites  as  Devonian,  are,  there  is  very  strong  reason  to  believe, 
really  Carboniferous. 

Cordaites  had  thick  stems  two  feet  or  more  in  diameter,  and  which 
attained  a  height  of  100  feet  and  terminated  in  an  irregular,  much- 
branched,  dense,  leafy  head. 

The  branches  bore  long,  lanceolate,  spathulate,  or  linear  leaves, 
which  in  some  cases  must  have  been  two  feet  or  more  in  length.  The 
leaves  have  parallel  veins  {Cordaites  principalis  Germar.  sp.,  Plate 
LXIV.,  fig.  3,  base  of  leaf,  and  Plate  LVIL,  fig.  2,  apex  of  leaf), 
which  increase  in  number  in  the  leaf  by  dichotomous  division.  In 
some  species  the  veins  are  equally  strongly  marked  on  the  surface  ; 
in  others,  lying  between  the  veins  are  one  or  more  finer  parallel 
threads,  which  appear  to  represent  bands  of  sclerenchyma  rather 
than  weaker  veins. 

The  leaves  are  spirally  arranged,  and  when  shed  leave  a  trans- 
versely oval  scar  on  the  stem  {Cordaites  principalis  Germar.  sp., 
Plate  LIIL,  fig.  1).    Well-preserved  stems  show  on  the  leaf  scars 
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-  :rAr.?Trr9e  r:w  -A  litlle  p.itnt£.  the  cicatrices  of  the  numerous  Taacukr 
i:ra:>is  wLi-.h  eaiewd  the  leaves.      The  same  character  is  obaemWe 
-  :r.e  ri***  'A  the  shed  leaves.     (Plate  LXIV.,  fig.  3.) 

The  leaves  <:•!  Cordaiies  according  to  their  form  and  slupeu 
:  l-'.'T^i  in  ihe  three  following  genera  : — 

'.  .-^iji'fi   or   EHcorJaites.      Leaves    oval-lanceolate.  Unceobs 
■r  spathulate.  with  rounded  apices  {Cordaiies  pnVipil 
Grrmar.  sp..  Plate  LVIL,  ^.  2). 

/'.-yV'-JiKV.'.      Leaves    lanceolate     with    sharp    pointe  (Dw 
v-jj':^*  falm^TformU  Goppert  sp.,  Plate  LVU.,  fig.  5. 

i '>rvr  ;*  1  :\vc.    Leaves  long,  narrow,  and  grass-Uke.    (Poawrdii 
'\  iarr^tachys  Gold,  sp.,  Plate  LXIV.,  fig.  2.) 

A<  A  typ?  of  Cor-iaitfs,  C.  f^rincipaiU  Germar.  sp.  may  bem 
lionei  rL»te  LVIL.  lig.  2..  Plate  LXIV.,  fig.  3).  This  is  eitM 
v-mm-tn  in  the  Middle  and  Lower  Coal  Measures. 

/••-•/'VriiKV.*.  This  is  represented  bv  Darycordaites  /n/ji 
•  --  .<  G.pp.  sp..  which,  however,  is  rare.     (Plate  LVIL,  fig.  3. 

r.-v-r^rhutes  is  the  most  rare  in  Britain  and  only  occurs  in 
Ujivr  C -ill  Measures,  where  Poacordaites  microstachys  Gold.  5p 
very  s]\ir;ngly  found.     (Plate  LXIV.,  fig.  2.) 

In  the  L»wer  Carboniferous  Cordaifes  occurs,  but  is  extrfiL 
Hire  ;iM  1  represented  by  different  species  from  those  found  in  Upi 
(  a F! ••  -ni rVr»  -us  rcvks. 

Ti\e  male  and  female  flowers  are  borne  on  different  spikes,  a 
tlie  lein.ile  ..rixans  have  long  l)een  known  under  the  name  of  .U'- 
/?''-.<  /'iV  i/r/u/r  L  and  H.,  though  their  nature  was  not  at  fi) 
uii.lrrst'HKl.  The  male  fl<)wers  form  a  spike  of  distichous  orspinill 
;irranirt\l  ti.nvers  consisting  of  several  whorls  of  bracts,  f rem  amii 
whi.li.  or  perliaps  springing  from  their  centre,  arise  a  nimil*r 
tilanuiiis,  hearing  three  or  four  tubular  anthers. 

Tlit^  female  infloresence  generally  consists  of  a  spike  of  distioh-'isl 
<,'n>u|)e<l  hraots,  tmm  the  axils  of  which  spring  sessile  or  morenrlft 
l«)ni,'-stalkod   seeds. 

Those  infloresences,  both  male  and  female,  are  now  general); 
included  under  the  name  of  Cordaianthus  Grand  ' FiUvy  {Cordaianiii'i 
with  Sartiaropsis  fiuitans  Dawson,  Plate  LXV.,  fig.  5). 
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at  •      The  Structure  of  the  Stems  of  Cordaites,     Little  was  known 

BfdxNit  the  structure  of  the  stem  until  M.  Grand  'Eury  showed  a  few 

Zfmm  ago  that  the  tree  described  by  Witham,  under  the  name  of 

w^lNmiies  Brandlingi,  is  really  the  stem  of  Cordaites.    In  the  young 

itete  in  this  species  the  pith  fills  up  the  whole  of  the  large  medulla, 

elmt  as  growth  proceeds,  the  pith  not  growing  with  the  same  rapidity 

.  mm  the  surrounding  tissue  becomes  transversely  ruptured,  resulting 

in  the  formation  of  a  series  of  transverse  lenticular  cavities,  forming 

j.m  chambered  pith.     As  growth  continues  the  transverse  diaphragms 

.  0i  pith  get  broken  up,  and  eventually  the  pith  cavity  becomes  an  empty 

tube,  except  at  its  margin,  to  which  cling  annular  rings  of  pith — the 

lemains  of  the  diaphragms  which  once  extended  across  the  cavity. 

,  Inorganic  casts  of  these  pith  cavities  are  not  uncommon,  and  are  the 

:  ioBsils  to  which  the  names  of  Artisia  or  Stembergia  have  been  given 

(Afiisia  transversa  Artis.  sp.,  Plate  LXV.,  fig.  6).     Surrounding 

*  the  pith  in  Cordaites  (Pinites)  Brandlingi  is  a  zone  of  secondary 

wood,  which  consists  of  radially-arranged  tracheides,  separated  by 

'  primary  and  secondary  medullary  rays,  of  one  cell  in  thickness. 

The  first-formed  elements  of  the  wood,  the  protoxylem,  formed  of 

narrow  spiral  tracheides,  are  followed  by  larger  spiral  tracheides; 

these   are    succeeded    by  scalariform    tracheides,  and   then   follow 

tracheides  characterised  by  laterally-placed  bordered  pits  with  an 

oblique   opening.      It   is  this   latter  tissue  which  forms  the  bulk 

of  the  wood,  to  which  additions  are  made  from  a  cambium  layer. 

The  wood  is  enclosed  by  a  thick  cortex  whose  outer  portion  contains 

bands  of  dense,  thick-walled  fibrous  tissue.     The  leaf-bundles  which 

usually  appear  in  pairs  in  transverse  sections  of  the  stem,  before 

entering  the  leaf  split  up  into  numerous  small  strands,  which  pursue 

a  parallel  course  through  the  leaf  as  already  described.     What  are 

probably  the  roots  of  Cordaites  have  been  described  under  the  name 

of  Amyelon. 

True,  "annual  rings"  seem  to  be  absent  from  Pinites  or 
Araucarioxylon  {Cordaites)  stems,  though  specimens  are  occasionally 
met  with  where  layers  of  feebly-developed  wood  are  separated  by 
broad  bands  of  wood  fibres  of  normal  size. 

In  Cordaites  (Pinites)  Brandlingi  it  is  thus  seen  no  primary 
wood  occurs,  the  whole  of  the  tracheides  consisting  of  secondary  wood. 
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S-::.-  -.'ir-rr  sieins,  however,  which  have  been  referred  to  Arawa^- 
.  j- , .  •  r,    /' :  n  I  •'  >   <  »r  /*ii-/tury/ofi,  such  as  A  ra  uca  ritxrylon  Beinertavn 
tv  TT.  »p.  ixnd  Pi{*iS  *Araucariaryion)  antiqua  Witham  and  otlni 
i!:    u';:-  h    I  lie  >eT*t»ndar}-    wood    af^rees    in    all    essential  chanrtns 
"»::•.  that  just  ^iest-ribed.  |>.issess  frimartf  as  well  as  ;5^ftmJa ry  vijoi 
A.v  -riini:  t  •  the  species,  the  primary  wood  consists  of  fewur  maj 
if-'uitri  sTT -iiT^  "f  traoheides,   iisiiallv  of  small  extent,  which « 
si:  i.ktirl  in  thr  pith  eli>ee  to  the  siirrotinding  zone  of  secondary  ¥oni 
•  ■r  rvstmi:  ••»  it-      T«»  these  bundles  no  additions  of  new  elemaBiR 
iii.i.ir  when  ••m-e  they  are  fully  developed.       It  is  probable  that  tks 
>:•=■!:.>.  vTiih  primary  and  sec^>ndary  wood,  either  in  whole  or  in  put 
,ils"  liel«»ns  t«»  f\*ritiitfs,      Manv  of  these  have  been  found  in  ik 
L'wer  CarW»nifen»iis,  especially  in  the  Calciferous  Sandstone  an* 
where,  h-^wever.  Cordaites  leaves  are  rare.      This  mav  beonlria 

m  ■ 

;ivi-.lent  **i  cin*  urn  stances,  for  in  the  beds  where  the  lai^irwiR 
I'-un-l.  alniList  invariably  no  other  plant-remains  are  discoTered  *id 

thr-ni.      In  everv  case  which  has  come  under  mv  observatia  ibft 

•  •  • 

*K\\iT  AS  drift  trees,  generally  embedded  in  sandstone  or  other  cntw- 
::r;iine».l  material  where  delicate  fossils  could  not  be  preserved.  Tbar 
i-iTtex.  als«».  with  one  exception,  has  always  disappeared  through deoy 
•  T  :inriti-»n.  It  must  als«^  l>e  further  borne  in  mind  that  a  naturn 
S'rtini:  lakes  place  in  all  water-carried  vegetable  material;  w 
siiialltT  cMminsj  to  rest  at  one  place  and  the  larger,  such  as  tree  tmnb. 
at  aii'vther. 

Such  is  the  manner  of  distribution  in  which  we  generally  to. 
f«»ssil  plants  to  <vcur. 

The  structure  of  the  stems  we  have  just  been  considering la^ 
to  very  important  conclusions  in  regard  to  the  affinities  d  tbf« 
plants.  It  has  generally  l>een  considered,  and  as  often  stated.  ih»' 
tht\sc  S(K'alltHi  I  hi  ti  ox  If  I  on  or  Araucariorylon  stems  belong  to  ib« 
(nnif'-nr  :  in  fact,  it  has  been  usual  to  suppose  that  the  ('(mi/>*i 
(KMiipicil  a  very  im|)ortant  place  in  older  palieozoic  times:  tliis 
however,  is  not  the  case,  for  although  in  the  structure  of  theseeondar 
wu.kI  a  «xrcat  siinilaritv  is  shown  to  that  of  Araucaria,  still  olkf 
more  important  structural  characters,  such  as  the  large  chambers 
pitli  and,  wlien  present,  tlie  mesiirch  structure  of  the  primary-  bund!* 
point  n\vvc\\  iwoy^  Xo  xWvy  'aScvcCwn  \sfc\w^  ^\\.Vv  Uve  C^cadcutct. 
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The  CardaitecB,  however,  possess  distinctive  characters  of  their 
and  though  showing  more  affinity  to  the  Cycads  than  to  the 
"'Ipmifiiiii.  form  a  distinct  group  which  cannot  be  united  with  either, 
must  be  regarded  as  equal  in  importance  with  them. 

Seeds. 

Many  isolated  gymnospermous  seeds  occur  in  the  Carboniferous 
of  which  some  certainly  belong  to  the  Cordaites,     These,  accord- 
to  their  form  and  structure,  have  been  placed  in  many  genera,  as 
\  seldom  ever  possible  to  refer  them  satisfactorily  to  their  parent 

The  more  important  of  these  genera  are  : — 
Samaropsis  Groppert.     Generally  small   oval  seeds,   lenticular 
section,  pointed  at  the  apex  and  rounded  or  slightly  cordate  at  the 
and  surrounded  by  a  more  or  less  prominent  membranous 
with  a  notched  or  acute  apex  {Samaropsis  bicaudata  Kidston, 
LVm.,  figs.  5-6). 
Cardiocarpus   Brongniart.     Smooth   flattened   seeds,    oval    or 
X  in  outline,  sliarp  or  obtuse  at  summit,  sometimes  slightly 
kte  at  the  base  and  surrounded  by  a  more  or  less  distinct  marginal 
fining  (Cardiocarpus  cf.  emarginatus  Artis.  sp.,  Plate  LXL,  fig.  5). 
Carpolithes  Schlotheim.     Smooth  oval  seeds,  generally  of  small 
I,  without  any  wing  and  not  cordate  at  base  {Carpolithes  perpusillus 
Lesquereux,  Plate  LXV.,  ^g,  4,  and  Carpolithes  ovoideus  Goppert 
and  Berger,  Plate  LIL,  fig.  1). 

Rhabdocarpus  Goppert  and  Berger.  Oval  or  cordate  seeds 
containing  a  hard  nucule  surrounded  by  a  more  or  less  fleshy  enve- 
lope in  which  are  numerous  hypodermic  strands  that  impart  a  striated 
appearance  to  the  outer  surface  of  the  compressed  fruit  {Rhabdo- 
carpus muUistriatus  Sternberg  sp.,  Plate  LXL,  fig.  4). 

Trigonocarpus  Brongniart.  Hard,  nut-like,  oval  seeds,  circular 
in  transverse  section  and  provided  with  three  prominent,  and  between 
them  three  less -prominent,  ridges.  Before  maturity  the  seed  is 
surrounded  by  a  large  pericarp  which  extends  considerably  beyond 
the  apex  of  the  nut. 

Figs.  1  and  2,  Plate  LXV.,  show  specimens  of  Trigonocarpus 
Parkinsoni  Brongt.  enclosed  in  the  pericarp.     The  Carpolithes  alata 
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k  and  H.  is  founded  on  such  a  condition  of  Trigaruxarj^,  n^  it 
quite  distinct  from  the  genus  Carpoiithes  as  defined  aboft 
Plate  LXV.,  figs.  3a,  36,  3c,  show  three  specimens  of  TrujowMfju 
removed  from  their  pericarp,  with  the  three  prominent  ridgo. 

CoNIFERiE. 

From  what  has  been  stated  when  describing  the  C&rdaitea  it  g 
seen  that  true  members  of  the  ConifercB  are  verv  rare  in  Bntah 
Carboniferous  rocks.  The  only  example  which  liaa  come  under 
my  notice  is  a  small  specimen  of  Walchta  imbricata  Scliimper  .;ftie 
LXllL,  fig.  1),  which  may  possibly  be  only  a  form  of  Wo/^rAw  p«- 
formU  Sternberg,  from  the  Upper  Coal  Measures  passed  thnwi 
when  sinking  the  shaft  of  the  Hamstead  Colliery,  Great  Barr.  uar 
Birmingham. 

In  Walchia  Sternberg  are  placed  trees  of  a  verv  Araucarian^ 
habit  and  growth.  The  branches  are  regularly  pinnate,  beiK 
arrangtHil  in  two  opposite  or  alternate  rows.  The  spirallv-pbfld 
leaves  are  more  or  less  sickle-shaped,  coriaceous,  keeled  and  widsi 
towards  their  decurrent  base.  The  fructification  consists  of  aail 
terminal  cones,  whose  detailed  structure  has  not  vet  been  cbrir 
made  out.  There  is  reason  to  believe,  however,  that  Walchia  hokfe 
a  close  affinity  \rith  the  recent  Araucaria. 

GlNKGOACE.«. 

The  type  and  only  existing  species  of  the   Ginkgoacta  is  tije 

Maideniiair  Tree  of  Japan  and  China — Ginkgo  biloba  L  =  (.:>aii$6«fM 

adianfi folia  Smith).     That  Ginkgo  is  a  very  ancient  plant  type  and 

extends  far  back  in  geological  times  has  been  clearly  shown,  but  it  is 

doubtful  if  the  Naeggerathia  fiahellata  L.  and  H.  from  the  Lowr 

Coal   Measures,   Bensham   Seam,   Jarrow   Colliery,   which  Saporti 

includes  in  his  genus  Ginkgophyllum  under  the  name  of  (rtait^ 

phyllum  flul^llatum.  holds  any  real  affinity  with  the  true  Ginkgomd^ 

Tiie  leaves  of  Ginkgo  are  broadly  cuneate,  with  a  long  slender  petiole. 

The  apex  is  irregular,  and  frequently  divided  into  two  or  more  cuneate 

lobes.      The  nervation  spreads  fan-like  from  the  base  of  the  leai 

The  (jinkgoijcea'  are  separated  from  the  ConifercB  on  accoimt  of  their 

mode  of  fertilisation,  which  takes  place  through  the  agency  of  anthe 

rozoids. 
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In  Nceggerathia  fiabellala  L.  and  H.  the  leaves  or  leaflets,  for 
^  think  it  is  uncertain  which  term  to  apply  to  the  ultimate  divisions, 
Xe  euneate,  with  a  slightly  rounded  irregular  apex,  and  whose  nerva- 
ion,  radiates  from  the  wedge-shaped  base.  Though  larger  than 
he  leaves  of  Ginkgo,  the  leaves  or  leaflets  of  Nceggerathia  fiabellala 
k  and  H.  have  a  great  general  resemblance  to  them,  and  on  account 
f  this  resemblance,  perhaps  only  superficial,  some  author^  have 
iaoed  Lindley  and  Hutton's  species  in  Ginkgophyllum. 

Nceggerathia  flabellata  L.  and  H.  {=^Psygmophyllum  flabel- 
ilum  Schimper)  is  very  imperfectly  known,  and  of  its  fructification 
wi  are  in  entire  ignorance.  The  enrolment,  therefore,  of  Noegger- 
Oma  flabellat€t.m  the  GinkgoacecB  appears  to  me  to  be  on  insufficient 
fidence.     What  its  true  systematic  position  is  remains  to  be  dis- 

overed. 

Conclusion. 

We  have  now  passed  in  short  review  the  principal  genera  of 
Sarboniferous  Plants.     In  the  time  at  our  disposal  it  has  been    im- 
to  mention  many  interesting  but  less  common  species.    Nor 

it  been  possible  to  enter  into  any  detailed  description  of  the  internal 
ffganisation  of  the  plants  which  we  have  considered.  To  enter  into 
hese  points  in  detail  is  beyond  the  scope  of  the  present  paper,  whose 
ifijdct  is  only  to  give  a  sketch  of  the  more  important  plant  groups 
i  the  Carboniferous  Formation. 

Many  excellent  Text  Books  are  in  existence,  and  to  these  I  refer 
he  student  for  a  more  complete  treatment  of  the  subject.  * 

•  Schimper,  TraiU  de  Pal^ont.  Vigil.,  Vol.  I.— III.,  Paris,  1869-74.  Ren- 
uJt,  Coura  dt  Botanique  Fossile,  Vol.  I. — IV.,  Paris,  1881-85.  Schimper  and 
Icihenk  in  Zittel,  Handbuch  d^.r  Palceontologie,  II.  Abth.  Palceophytologie. 
ffinchen  and  I^ipzig,  1879-1890,  Williamson;  Williamson  and  Scott;  and 
toott.  Various  papers  **  On  the  Organisation  of  the  Fossil  Plants  of  the  Coal 
ieasuresJ*  Phil,  Trans.,  London.  From  1871  to  present  date.  Seward, 
'ouil  Plants  for  Students  of  Botany  and  Geology,  VoL  I.,  Cambridge,  1898  (Vol. 
I.  not  yet  published).  Scott,  Studies  in  Fossil  Botany,  London,  1900.  Graf  zu 
k>lms-Iiaubach,  Fossil  Botany,  being  an  Introduction  to  Palceophytology  from 
he  Standpoint  of  the  Botanist,  English  Edition,  Oxford,  1891.  Schenk,  Die 
^ossUen  Pflanzenreste,  Breslau,  1888.  Potonie,  Lehrhuch  der  Pflanzenpalcton- 
ylogif.  mit  besonderer  Riicksicht  auf  die  Bediirfnisse  des  Geologen,  Berlin,  1899. 
!eiller,  EUmejits  de  Palicbo^anique,  Paris,  1900.  Kidston,  Carboniferous 
n/copods  and  Sphenophylls,  Trans.  Nat,  Hist.  Soc.,  Glasgow.,  Vol.  VI.  (new 
eries)  part  I.,  pp.  25-140,  1901. 
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Explanation  of  Plates. 
Plate  LI. 

1.  Lepidoderulron  acukatum  Sternberg.      From  near  Steven- 

8ton,  Ayrshire.  Har.  Whistler  Seam.  Lower  Coal 
Measures  [2482].*  Specimen  received  from  Rev.  D. 
Landsburgh,  D.D.  Portion  of  stem  showing  contiguous 
cushions  and  leaf-scars.     Natural  size. 

2.  LepulaUrulron    serpentigerum    Konig.     Grange    Colliery, 

Kilmarnock,  Ayrshire.  Hor.  Stranger  Coal.  Lower 
Coal  Measures  [2498].  Specimen  received  from  Mr.  A. 
Sinclair.  Portion  of  specimen  showing  distant  cushions 
and  leaf-scars,  with  interfoliar  cortex  ornamented  with 
irregular  fine  ridges.      Natural  size. 

3.  Lepidodendron  Wartheni  Lesquereux.    Lower  Writhlington 

Pit,  Radstock,  Somerset.  Hor.  Radstock  Series.  Upper 
Coal  Measures  [374].  Portion  of  stem  showing  contiguous 
leaf-cushions  with  short,  fine,  irregular,  transverse  ridges. 
Natural  size. 

4.  Stigmariopsis  anglica  Kidston.    Monckton  Main  Colliery, 

near  Barnsley,  Yorkshire.  Hor.  Bamsley  Thick  Coal. 
Middle  Coal  Measures  [2342].  Collected  by  Mr.  Heming- 
way. Portion  of  rhizome  showing  rootlet  scars  and 
ornamentation  of  surface  of  cortex.     Natural  size. 

5.  Stigmariopsis  anglica  Kidston.     Monckton  Main  Pit,  near 

Barnsley,  Yorkshire.  Hor.  Barnsley  Thick  Coal.  Middle 
Coal  Measures  [2335].  Collected  by  Mr.  W.  Hemingway. 
Portion  of  rhizome  showing  sub-epidermal  surface  with 
the  characteristic  ridges.      Enlarged. 

•  The  figures  encloHe^l  in  brackets  give  the  registration  numbers  of  the 
mens  in  the  Author's  collection. 
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Plate  LII. 

Carpolithes  ovoidens  Goppert  an  J  Berger.  Camerton, 
Somerset.  Hor.  Radstock  Series.  Upper  Coal  Measures 
[3021].  Collected  by  Mr.  G.  West.  Portion  of  a  slab 
showing  a  number  of  seeds.     About  natural  size. 

Lepidodendron  lycopodioides  Sternberg.  Monckton  Main 
Colliery,  near  Barnsley,  Yorkshire.  Har.  Barnsley  Thick 
Coiil.  Middle  Coal  Measures  [2718].  Collected  by  Mr. 
W.  Hemingway.  Small  branch-bearing  terminal  cone. 
About  natural  size. 

Stigmaria  ficoides  Sternberg  sp.  Calderbank,  near 
Airdrie,  Lanarkshire.  Hor.  Kiltongue  Coal.  Lower 
Coal  Measures  [2599].  Collected  by  Mr.  R.  Dunlop. 
At  a  is  seen  the  cast  of  the  pith  cavity,  the  raised-up  fusi- 
form ridges  on  which  are  the  casts  of  the  openings  to  the 
primary  medullary  rays.  The  wood  plates  are  seen  at  6. 
About  natural  size. 

SigUlaria  Taylori  Carr.  sp.  From  the  bituminous  Oil 
Shales,  Midlothian.  Calciferous  Sindstone  Series  [16]. 
Collected  by  Dr.  Macfarlane.  Showing  a  vertical  row  of 
immature  cones.      Two-thirds  natural  size. 


I 
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Plate    LI  1 1. 

CordaUes  principalis  Germar.  sp.  Bonnington  Pit,  Kil- 
marnock, Ayrshire.  Hor.  Whistler  Seam.  Lower  Coal 
Measures  [1561].  Specimen  from  Rev.  D.  Landsburgh, 
D.D.     Stem  showing  leaf -scars.      About  natural  size. 

Halania  tortuosa  Ij.  and  H.  Smithies,  near  Barnsley, 
Yorkshire.  Hor.  Woolley  Edge  Rock.  Middle  Coal 
Measures  [2176].  Collected  by  Mr.  VV.  Hemingway. 
Decorticated  fruiting  branch  of  Lepidophloios.  Two- 
thirds  natural  size. 
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Plate  LIV. 

1.  Bothrodentlron  minutifolium  Boiilay  sp.      Bonnington  Pit, 

Kilmarnock,  Ayrshire.  Hor.  Whistler  Seam.  Lower 
Coal  Measures  [1568].  Specimen  from  Rev.  D.  Lands- 
burgh,  D.D.  At  a  is  seen  the  fully-developed  stem 
with  distant  cushionless  leaf-scars ;  at  6  is  shown  the 
young  condition  where  the  stem  bears  rhomboidal  areas 
in  which  are  placed  the  leaf-scar  ;  at  c  an  intermediate 
condition  is  represented.  About  three-quarters  natural 
size. 

2.  Bothrodendron  minutifolium  Boulay  sp.      Part  marked  b 

in  fig.  1  enlarged  to  show  the  rhomboidal  fields  or  cushions 
bearing  the  leaf -scars. 

3.  Bothrodendron  minutifolium  Boulay  sp.      Part  marked  c 

on  fig.  1  enlarged  to  show  the  still  slightly  elevated  leaf- 
scar  and  the  disappearance  of  the  field. 

\.  Sigillaria  Sauveuri  Zeiller.  Ix)ngton  Hall,  Longton, 
Staffordshire.  Hor.  Great  Row  Rock.  Middle  Coal 
Measures  [2199].  Collected  by  Mr.  John  Ward,  F.G.S. 
Sigillaria  of  the  Rhytidolepis  Section,  showing  approxi- 
mation and  reduction  in  size  of  the  leaf-scars,  which 
probably  represents  an  enfeebled  condition  of  growth. 
About  three-quarters  natural  size. 

5.  Stigmuriopsis.  Cast  of  the  pith  cavity.  Specimen  com- 
municated by  Graf  zu  Solms-Laubach  from  one  of  the 
examples  described  in  his  paper  "  Uber  Stigmariopsis 
Grand  'Eury.*'  Dames  u.  Kayser.  Paloeont.  Ahhandl. 
New  Series.  Vol.  II.,  part  5,  page  223,  1894  [2601]. 
About  three-quarters  natural  size. 
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Plate   LV. 

l^pidophloios  Scoticus  Kidston.  West  Calder,  Midlothian. 
Hor.  Oil  Shales.  Calciferous  Sandstone  Series  [1798]. 
Halonial  branch  showing  leaf-scars  and  spirally-placed 
scars  from  which  stalked  cones  have  fallen.      About  one-  ; 

third  natural  size.  j 

r^jfvlophloios  Scoticus  Kidston.      West  Calder,  Midlothian.  j 
Hot,   Oil  Shales.      Calciferous  Sandstone  Series  [1810].  \ 
Small  portion  of  branch  showing  leaf-scars  and  spirally- 
placed  cone  scars.      About  natural  size.  i 

Lepuiophloios  Scoticus  Kidston.  Water  of  Leith,  below 
Canal  Bridge,  Slateford,  Midlothian.  Hor.  Calciferous 
Sandstone  Series  [1822].  Cone  attached  to  its  pedicel. 
About  natural  size. 

Si(jillariostrolms  rhomhihractiatus  Kidston.  Monckton 
Main  Colliery,  near  Barnsley,  Yorkshire.  Hot.  Barnsley 
Thick  Coiil.  Middle  Coal  Measures  [2203].  Collected 
by  Mr.  W.  Hemingway.  Lower  portion  of  cone  attached 
to  its  pedicel.      About  natural  size. 


.    y^-i-if.  /.V,V.  -o-l  l'rjy'>;-.  S.X-..  I'li/.  XJl'.,  Ptate  I.V. 


KIDSTON  :    THE    FLORA    OF    THE    CARBONIFEROUS    PERIOD.  381 


Plate  LVI. 

1.  LepuIo*ieniiron  V eltheimianum  Sternberg.      Hailes  Quarry, 

Midlothian.  Hor.  Calciferous  Sandstone  Series.  Speci- 
men in  the  collection  of  the  Geological  Survey  of  Scotland, 
Edinburgh.  Illustrating  the  dichotomous  ramification 
of  the  genus.      Much  reduced  in  size. 

2.  Lepviophloios  laricinus  Sternberg.      Low  Moor,  Yorkshire. 

H&r.  Black  Bed  Coal.  Middle  Coal  Measures  [1404]. 
Collected  by  the  late  Mr.  J.  W.  Davis,  F.G.S.  Portion 
of  stem  showing  cushions  and  leaf-scars.  Three-fifths 
natural  size. 

3  Stvjmaria  ficoules  Sternberg  sp.  Watermill  Pit,  Clack- 
mannan. Har.  Fakes  over  Cherry  Coal.  Lower  Coal 
Measures  [2545].  Rhizome  showing  rootlet  scars  and 
attached  rootlets.      Reduced  in  size. 
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Plate  LVII. 

Lepidodendron  V eWieimianum  Sternberg.  Shore,  Wardie, 
Midlothian.  Hor.  Calciferoiis  Sandstone  Series  [2275]. 
Collected  by  Mr.  J.  A.  Johnston.  Specimen  showing  the 
leaf-scars  and  four  of  the  cone  scars.  Two-fifths  natural 
size. 

Cordaites  jirincijfalu  Gerniar.  sp.  Monckton  Main  Colliery, 
near  Barnslev,  Yorkshire.  Hot.  Barnslev  Thick  Coal. 
Middle  Coal  Measures  [1478].  Collected  by  Mr.  W. 
Hemingway.  Upper  portion  of  leaf  showing  blunt  apex 
and  parallel  nervation.      Two-fifths  natural  size. 

Dory  cordaites  jialmcBformh  Gopp.  sp.  Monckton  Main 
Colliery,  near  Barnslev,  Yorksliire.  Hor.  Rirnsley  Thick 
Coal.  Middle  Cotd  Meiisures  [2907].  Collected  by  Mr. 
VV.  Hemingway.  Complete  leaf  showing  pointed  apex. 
Two- fifths  natural  size. 


■.  rori'.  (/eo/.  :mn'o/gU<:  S'x:,   Vo/.XIV.,  Plntt  l.Vll. 
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Plate  LVIII. 

'^-ml^illaria  tessellata  Brongt.  var.  nodosa  Bowman  sp.  Brays- 
^own  Colliery,  Radstock,  Somerset.  Hor,  Radstock 
Series.  Upper  Coal  Measures  [3024].  Portion  of  stem 
showing  at  a  a  verticel  of  cone  scars.    About  natural  size. 

^iL^Ularia  Brardii  Brongniart.  Cope's  Marl  Pit,  Longton, 
Staffordshire.  Hor,  Shale  above  Peacock  Coal.  Middle 
Coal  Measures  [817].  Specimen  collected  by  Mr.  John 
Ward,  F.G.S.  Portion  of  a  stem  showing  the  cone  scars 
at  a.     About  natural  size. 

Sigillaria  elegans  Sternberg  sp.  VVombwell  Main  Colliery, 
near  Barnsley,  Yorkshire.  Hor.  Shale  over  Barnsley 
Thick  Coal.  Middle  Coal  Measures  [989].  Specimen 
collected  by  Mr.  VV.  Hemingway.  Portion  of  a  specimen 
showing  at  a  a  verticel  of  cone  scars.   About  natural  size. 

Cardaiocarpus  Cordai  Geinitz  sp.  Cadeby  Colliery,  Conis- 
borough,  Yorkshire.  Hor.  Shale  on  the  horizon  of  the 
Woolley  Edge  Rock.  Middle  Coal  Measures  [1899]. 
Collected  by  Mr.  W.  Hemingway.      About  natural  size. 

and  6.  Samaropsis  bicaudata  Kidston  sp.  Long  Craig  Bay, 
1^  miles  west  of  Dunbar,  Haddingtonshire.  Hor.  Calci- 
ferous  Sandstone  Series  [1940  and  1941].  About  natural 
size. 
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Plate  LVIII. 

.  Sigillaria  tessellata  Brongt.  var.  nodosa  Bowman  sp.  Brays- 
down  Colliery,  Radstock,  Somerset.  Har.  Radstock 
Series.  Upper  Coal  Measures  [3024].  Portion  of  stem 
showing  at  a  a  verticel  of  cone  scars.    About  natural  size. 

2.  Sigillaria  Brardii  Brongniart.     Cope's  Marl  Pit,  Longton, 

Staffordshire.  Hor.  Shale  above  Peacock  Coal.  Middle 
Coal  Measures  [817].  Specimen  collected  by  Mr.  John 
Ward,  F.G.S.  Portion  of  a  stem  showing  the  cone  scars 
at  a.    About  natural  size. 

3.  Sigillaria  elegans  Sternberg  sp.      Womb  well  Main  Colliery, 

near  Barnsley,  Yorkshire.  Hor.  Shale  over  Bamsley 
Thick  Coal.  Middle  Coal  Measures  [989].  Specimen 
collected  by  Mr.  W.  Hemingway.  Portion  of  a  specimen 
showing  at  a  a  verticel  of  cone  sc^rs.   About  natural  size. 

4.  Cordaiocarpus  Cordai  Geinitz  sp.      Cadeby  Colliery,  Conis- 

borough,  Yorkshire.  Hor.  Shale  on  the  horizon  of  the 
Woolley  Edge  Rock.  Middle  Coal  Measures  [1899]. 
Collected  by  Mr.  W.  Hemingway.      About  natural  size. 

5  and  0.  Samaropsis  bicaudatu  Kidston  sp.  Long  Craig  Bay, 
IJ  miles  west  of  Dunbar,  Haddingtonshire.  Hor,  Calci- 
ferous  Sandstone  Series  [1940  and  1941].  About  natural 
size. 


KIDSTOSr:   THK   FLORA    OV  TUB   CABB0NIFBROU8    PKBIOD.         387 


Plate  LIX. 

Fig.  1.  S igUlar ia  Brardii  Brongni&Tt.  Railway  Cutting,  Florence 
Colliery,  Longton,  Staffordshire.  Har.  Newcastle -under- 
Lyme  Group.  Upper  Transition  Series  [818].  Collected  by 
Mr.  F.  Barke,  F.G.S.  The  upper  portion  of  this  specimen 
shows  the  Sigillaria  Brardii  Brongt.  (section  Clathraria) 
and  the  lower  part  Sigillaria  denudata  Goppert  (section 
Leiodermaria)  in  organic  union.  The  intermediate 
portion  is  the  Sigillaria  rhomhoidea  Brongt.  About 
natural  size. 

Fig.  2.  Bothrodendron  minutifolium  Boulay  sp.  Monckton  Main 
Colliery,  near  Barnsley,  Yorkshire.  Hor.  Barnsiey  Thick 
Coal.  Middle  Coal  Measures  [1201].  Collected  by  Mr. 
W.  Hemingway.  Branchlet-bearing  terminal  cone. 
About  natural  size. 


Proe.   Yorht.  tlrn/   nu^  l>rj.,i 
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Plate  LX. 

Ig.  1  -  Sigillarixi  discophara  Konig.  sp.  ( =  Ulodendron  minus  L. 
and  H.).  Cinderford,  Bradley.  Coal  Measures  [2136]. 
Portion  of  bark  showing  leaf -scars  and  part  of  one  of  the 
two  vertical  rows  of  cone  scars.     About  natural  size. 
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Plate  LXI. 

1.  SigUlaria  rugosa  Brongniart.     Monckton  Main  Colliery, 

near  Bamsley,  Yorkshire.  Hor.  Barnsley  Thick  Coal. 
Middle  Coal  Measures  [2852].  Collected  by  Mr.  W. 
Hemingway.  Specimen  of  Rhytidolepis  section  showing 
central  band  of  ornamentation.      About  natural  size. 

2.  SujUlaria  camptotoenia  Wood  sp.     Gelli,  Ystrad,  Rhondda, 

Glamorganshire.  Har.  No.  2  Rhondda  Seam.  Upper 
Transition  Series  (Lower  Pennant  Series)  [1773].  Col- 
lected by  Mr.  W.  O'Connor.  Specimen  of  the  Leioder- 
maria  section  showing  ornamentation  of  the  interfoliar 
bark.  The  small  scars  between  the  leaf-scars  on  the 
upper  part  of  the  specimen  may  be  cone  scars.      About 

natural  size. 

o 

3.  SigUlaria  mamiUaris  Brongniart.      Monckton  Main  Col- 

liery, near  Barnsley,  Yorkshire.  Hot.  Barnsley  Thick 
Coal.  Middle  Coal  ^feasures  [2873].  Collected  by  Mr. 
W.  Hemingway.  Specimen  of  Rhytidolepis  section  show- 
ing leaf-scars  on  upper  portion,  and  cone  and  leaf-scars  on 
lower  portion.     About  natural  size. 

4.  Rhahdocarpus     multistriatus     Sternberg     sp.       Radstock, 

Somerset.  Hor.  Radstock  Series.  Upper  Coal  Measures 
[352].      About  natural  size. 

5.  Cardiocarpus  cf.  emarginatus  Artis  sp.      Monckton  Main 

Colliery,  near  Barnsley,  Yorkshire.  Hor.  Barnsley  Thick 
Coal.  Middle  Coal  Measures  [1437].  Collected  by  Mr. 
W.  Hemingway.      About  natural  size. 


I 
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Plate  LXIL 

Sf^ienophyllum  majus  Bronn.  sp.  Monckton  Main  Colliery, 
near  Bamsley,  Yorkshire.  Har.  Barnsley  Thick  Coal. 
Middle  Coal  Measures  [2701].  Collected  by  Mr.  W. 
Hemingway,  a  and  b.  Different  parts  of  the  same  slab. 
The  leaves  on  fig.  a  at  a,  6,  c,  exhibit  different  degrees  of 
leaf  division.     About  natural  size. 
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Plate  LXIII. 

*ig.  1.  WaUhia  imbricata  Schimper.  From  shaft  of  Hamstead 
Colliery,  Great  Barr,  Staffordshire.  Hor.  At  depth  of 
350  feet  from  surface.  Upper  Coal  Measures.  About 
natural  size  (see  Trans.  Roy.  Soc.  Edin.,  Vol.  XXXV., 
Part' 6,  page  324). 

•'ig.  2.  Sphenophyllum  myriophyllum  Crepin.  Oaks  Colliery, 
Barnsley,  Yorkshire.  Hor,  Woolley  Edge  Rock.  Middle 
Coal  Measures  [2206].  Collected  by  Mr.  W.  Hemingway. 
Specimen  showing  jointed  and  ribbed  stem  and  lateral 
branch.     About  natural  size. 


G 
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Plate   LXIV. 

ig.  1 .  Lycopoiiites  Gutbieri  Goppert.  Camerton,  Somerset.  Hot. 
Eadstock  Series.  Upper  Coal  Measures  [  1 50 1  ].  Collected 
by  Mr.  W.  Hemingway.     About  natural  size. 

ig.  2.  PoacordaUes  microstctchys  Goldenberg  sp.  Camerton, 
Somerset.  Hor.  Radstock  Series.  Upper  Coal  Measures 
[3022].  Small  stem  showing  leaves  attached.  About 
natural  size. 

'ig.  3.  Cordaites  principalis  Germar.  sp.  Monckton  Main  Col- 
liery, near  Bamsley,  Yorkshire.  Hor,  Barnsley  Thick 
Coal.  Middle  Coal  Measures  [1479].  Collected  by  Mr. 
W.  Hemingway.  Between  the  letters  a  and  a  is  seen  the 
row  of  small  cicatrices  of  the  vascular  strands  which  enter 
the  leaf.    About  natural  size. 

Tig,  4.  Omphalophloios  cmglicus  Sternberg  sp.  Camerton,  Somer- 
set. Hor,  Radstock  Series.  Upper  Coal  Measures  [433J. 
Collected  by  Mr.  G.  West.  Portion  of  specimen  showing 
the  scars  placed  in  rhomboidal  areas.  Note.—  0  w^ing  to 
the  direction  in  which  the  light  has  struck  the  specimen 
the  rhomboidal  areas  are  not  so  distinctly  seen  as  they 
would  be  were  the  light  coming  from  a  different  direction. 
The  rhomboidal  character  of  the  area  is,  however,  well 
seen  at  a.     About  natural  size. 
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Plate  LXV. 

ig.  1.  Trigonocarpus  Parkinsoni  Brongniart.  Bonnington  Pit, 
Kilmarnock,  Ayrshire.  Hor,  Whistler  Seam.  Lower 
Coal  Measures  [1580 J.  Specimen  received  from  the  Rev. 
D.  Landsburgh,  D.D.,  showing  nut  enclosed  in  its  peri- 
carp. In  this  condition  the  fossil  is  the  Carpolithes  alata 
L.  and  H.     About  natural  size. 

ig.  2.  Trigonocarpus  Parkinsoni  Brongniart.  Bonnington  Pit, 
Kilmarnock,  Avrshire.  Hor.  Whistler  Seam.  Lower 
Coal  Measures  [591  J.  Specimen  received  from  the  Rev. 
D.  Landsburgli,  D.D.  This  example,  though  not  so  far 
developed  as  that  shown  at  Fig.  1,  exhibits  the  enclosed 
nut  more  clearly.      About  natural  size. 

•"'ig.  3.  Trigonocarpus  Parkinsoni  Brongniart.  Peel  Quarry,  near 
Bolton,  Lancashire. '  Middle  Coal  Measures.  Collected 
by  Mr.  R.  Law.  a  [265G],  h  [2663]  side  views,  c  [2658], 
base  of  nut  showing  point  of  attachment.  About  natural 
size. 

Fig.  4.  Car}iolithes  perpu^illus  I^esquereux.  Pit  near  Kirkwood, 
Lanarkshire.  Lower  Coal  Measures  [103  and  1(54 J. 
Collected  by  Mr.  R.  Dunlop.     About  natural  size. 

Fig.  5.  Cordaianthus  with  Samara f tsis  fluitans  Dawson.  Monckton 
Main  Colliery,  near  Biirnsley,  Yorkshire.  Hor.  Barnsiey 
Thick  Coal.  Middle  Coal  Measures  [2374].  Collected 
by  Mr.  W.  Hemingway.  The  Samaropsis  fiuitans 
Dawson,  one  of  which  is  seen  at  a,  are  probably  the  seeds 
of  the  Corclaianthu.s  witli  whicli  thev  (x-cur.  About 
natural  size. 

Fig.  0.  Artisia  transversa  Artis  sp.  Brierley  Tunnel,  near  I^irns- 
ley,  Yorkshire.  Hor.  Houghton  ('onimon  Rock.  Middle 
Coal  Measures  [120 1 1.  Collected  by  Mr.  W.  Hemingway. 
The  pith  cast  of  Cordaiies,      About  natural  size. 
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ON  THE  CIRCULATION  OF  SALT  AND  ITS  BEARING  ON 
GBOIOGICAL  PROBLEBfS,  MORE  PARTICULARLY  THAT  OF  THE  GEOLOGICAL 

AGE  OF  THE  EARTH. 

BY    WIUJAM  ACKROYD,  F.LC,  F.CS.,  PUBUC  ANALYST   FOR  HALIFAX. 

(Read  April  2bth,   1901.) 

iNTRODUCnON. 

Common  Salt  or  Sodium  Chloride  is  probably  the  most  widely 
^atributed  of  all  sodium  compounds,  as  it  is  one  of  the  most  soluble. 
During  our  investigation  of  the  underground  waters  of  N.W.  York- 
shire, a  fruitful  aspect  of  its  solubility  was  presented  to  us  in  the 
disappearance  of  three  tons  of  salt  in  a  runnel  of  19,800  gallons  per 
day.  It  went  down  the  Smelt  Mill  Water  Sink  and  reappeared  after 
10  days  at  Malham  Cove,  where  the  amount  of  combined  chlorine 
in  the  water  suddenly  rose  from  one  up  to  six  parts  per  100,000, 
and  in  the  course  of  another  eight  days  slowly  fell  to  the  normal 
unit.*  We  hod  a  similar  experience  at  Clapham.  It  is  apparent, 
therefore,  that  any  salt  in  the  soil,  or  in  underground  channels  is 
carried  quickly  away  by  the  water,  and  such  soil  or  underground 
channels  would  be  thenceforth  free  from  the  compound,  unless  in 
^he  course  of  disintegration  fresh  quantities  were  exposed  for  solution. 
This,  however,  is  so  slow  a  process  that  it  quite  fails  to  account  for  the 
enormous  amounts  of  chloride  annually  conveyed  by  rivers  to  the  sea. 

The  position  is,  perhaps,  better  seen  in  the  following  statement 
of  fact :— The  Widdop  Reservoir,  belonging  to  the  Halifax  Corpora- 
tion, contains  some  640*5  millions  of  gallons  of  water,  and  I  estimate 
it  to  contain  55  tons  of  salt.  The  2,000  odd  acres  of  gathering 
ground  is  moorland  on  Millstone  Grit  for  the  most  part  with  a  little 
of  the  Yoredale  Rocks.  Needless  to  say  it  is  a  saltless  area,  yet  the 
^5  tons  of  salt  is  renewed  probably  more  than  once  a  year  in  the 
<M>urse  of  filling  up  to  replace  tlic  Corporate  demands  on  the  reservoir. 
The  chlorides  come  down  in  the  rain-water.  We  may  take  it  then, 
^M  a  working  hjrpothesis,  that  rain  has  brought  down  the  salt  which 
has  been  derived  from  the  sea,  and  that  to  the  sea  it  quickly  returns. 

•Proc.  Yorks.  (ieol.  and  Polyt4Jc.  Soc.,  Vol.  XIV.  Pt.  I.,  p.  17. 
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It  will  be  convenient  to  speak  of  this  salt  as  **  aea-flaltk'  in  ( 
distinction  to  such  as  may  be  derived  from  the  earth  by  aohwil 
dation,  which  will  be  referred  to  as  "  earth-salt,"  and  the  ftofot 
amount  of  the  sodium  compound  will  be  indicated  in  tfak  pa; 
the  chlorine  figure. 

CiRCULwVTION  OF  8eA-SaLT. 

The  conditions  obtaining  in  the  Widdop  area  are  of  mori 
ordinary  scientific  interest,  and  I  have  made  an  ezprnmeo 
vestigation  of  them  during  the  winter  1900-1,  which  has  beoi 
municated  to  the  Chemical  Society  of  London.*  Frcnn  Noi 
12th  to  February  18th  weekly  chlorine  determinations  won 
of  the  reservoir  water,  of  the  water  in  a  rain-gauge  kqit  oli 
and  of  rain-gauge  water  on  four  other  .gathering  grounds  som 
to  the  east  of  Widdop,  viz.,  Walshaw  Dean,  Midgley,  Waile 
Ovenden  Moors,  besides  daily  tests  of  rain-gauge  water  froa 
Vue,  in  the  town  of  Halifax.  The  area  under  investigaticM 
its  position  in  England  and  the  relative  positions  of  the  rain-| 
are  given  in  Plate  LXVI.  Tlie  results  of  the  weekly  tee 
shown  in  the  following  table : — 

Chlorine,  Parto  per  100,000  in*  Rain-Gauge  Wath 
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It  will  be  convenient  to  speak  of  this  salt  as  "*  sea-salt/  in  contra- 
distinction to  such  as  may  be  derived  from  the  earth  by  solvent  denu- 
dation, which  will  be  referred  to  as  "  earth-salt,"  and  the  proportionate 
amount  of  the  sodium  compound  will  be  indicated  in  this  paper  bv 
the  chlorine  figure. 

ClRCULATIOX  OF  SeA-SaLT. 

The  conditions  obtaining  in  the  Widdop  area  are  of  more  than 
ordinary  scientific  interest,  and  I  have  made  an  experimental  in- 
vestigation of  them  during  the  winter  1900-1,  which  has  been  com- 
municated to  the  Chemical  Society  of  London.*  From  November 
12th  to  February  18th  weekly  chlorine  determinations  were  miide 
of  the  reservoir  water,  of  the  water  in  a  rain-gauge  kept  close  by, 
and  of  rain-gauge  water  on  four  other  .gathering  grounds  some  miles 
to  the  east  of  Widdop,  viz.,  Walshaw  Dean,  Midgley,  Warley,  and 
Ovenden  Moors,  besides  daily  tests  of  rain-gauge  water  from  Belle 
Vue,  in  the  town  of  Halifax.  The  area  under  investigation,  with 
its  position  in  England  and  the  relative  positions  of  the  niin-gauges, 
are  given  in  Plate  LXVI.  The  results  of  the  weekly  tests  are 
shown  in  the  following  table : — 

Chix)rine,  Parto  per  100,000  in  Raix-Gaugk  Wath:. 
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The  reaervoir  water  was  fairly  constant  with  an  average  of  1*188 
parts  of  chlorine  per  100,000.  This  figure  will  be  greater  than  that 
ci  the  annual  average  rainfall  on  account  of  evaporation,  and  if  we 
deduct  10  per  cent,  it  would  still  be  equivalent  to  a  fall  of  172  lbs. 
of  common  salt  per  acre  with  the  1899  rainfall  of  43*17  in. 

The  rain-gauge  figures  fluctuated  wildly.  Widdop  rain-gauge 
water  reached  3*3  per  100,000  during  a  December  week  when  a 
violent  storm  was  blowing  from  the  Irish  Sea  about  40  miles  away, 
and  on  another  occasion  it  got  up  to  G'5.  The  average  for  the  14 
weeks  of  observation  was  1*50.  That  the  winter  average  should 
be  in  excess  of  the  yearly  average  is  in  keeping  with  the  results  obtained 
by  other  observers,  and  gives  some  idea  of  the  activity  of  salt  circu- 
lation during  the  stormy  part  of  the  year  when  gales  are  prevalent 
from  the  se^i.  The  abnormally  high  figures  obtained  at  Widdop 
sjmchronised  with  similarly  high  figures  for  the  other  gathering 
g^unds ;  this  is  well  seen  in  the  plotted  curves  for  the  rain-gauge 
results.    (Plate  LXVII.,  fig.  2.) 

Observations  on  chlorine  in  rain-water  have  been  made  at  Ciren- 
cester since  1870  by  Professors  Church,  Prevost,  and  Kincli.*  An 
abnormal  amount  of  chlorine  has  almost  always  been  traced  by  them 
to  salt  spray  from  the  Bristol  Channel,  35  miles  away.  On  different 
occasions  immediately  after  a  storm  from  the  S.W.  crystals  of  common 
salt  have  been  found  on  the  College  windows  facing  west.  The  same 
kind  of  evidence  has  been  furnished  to  me  by  Mr.  J.  H.  Howarth 
respecting;  Malham  ;  concerning  Jjceds  by  Mr.  J.  E.  Bedford,  and 
Mr.  J.  Denison  calls  my  attention  to  the  following  references  :  "  The 
winds  from  the  South- West  have  sometimes  blown  so  strong  that  the 
pieces  of  cloth  on  the  tenters  in  several  parts  of  Halifax  parish  have 
been  charged  with  a  considerable  number  of  saline  particles  brought 
from  the  sea/t  and  further,  "  Sea-salts  have  been  found  deposited 
on  the  windows  in  West  Park  and  York  Place.  Harrogate,  thus  giving 
practical  evidence  of  the  presence  of  the  sea-breeze. "J 

•  Trann.  Chem.  Soc.,  Vol.  77,  p.  1271. 
t  Watson's  Hi8t<»ry  of  Halifax,  1775,  p.  5. 

X  The  Use  and  Ahnso  of  Harrogate  Mineral  Waters,  by  Arthur  Roberta, 
p.  32. 
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The  following  is  a  synopsis  of  results  up  to  date,  the  chlorides  k 
the  rainfall  being  calculated  into  annual  downfall  of  salt  per  unit  area  :— 


Place. 


theHea.  acre  per  year. 


Cirencester   . . 
Roth&mstcd  ... 

Perugia , 

George  Town, 

Demerara 
Widdop 


35  miles     36  lbs.  (average  of  26  ,  Church,  I^vost,  and 
vears)  Kinch* 

—  24*59  lbs.   (average  6  <  Lawes,    < Gilbert,  and 

years)  i         Warringtonf 

75  miles     37*8  lbs.      ,  Belluccif 

186  lbs Harrtsont 

40  miles  j  172  lbs.       '  Ackroyd 


As  to  the  particular  nature  of  this  salt  circulation,  we  may  suppose 
(1)  that  salt  spray  from  the  sea  is  carried  to  the  land  to  distances 
varying  with  the  forC'C  of  the  wind ;  (2)  that  when  the  salt  is  dried 
by  evaporation  it  is  carried  further  inland  with  the  dust ;  and  (3) 
that  rains  dissolve  it  and  bring  it  down  to  the  rivers  by  which  it  is 
carried  back  to  the  sea. 

Of  the  carrying  of  the  salt  spray,  abundant  evidence,  as  I  h»w 
shown,  has  been  obtained  in  times  of  storm,  and  of  the  presence 
of  sodium  in  dust  at  all  times  the  spectroscope  yields  never-failing 
proof,  wliile  in  the  examination  of  rain-water  1  have  found  the 
highest  chlorine  contents  in  light  rainfalls. 

The  full  extent  inland  of  salt  circulation  has  yet  to  be  determined. 

It  may  not  be  entirely  limited  by  mountain  chains  barring  the  direction 

of  prevalent  scii- winds,  as  finely-divided  sea  spray  may  possibly  be 

carried  nearly  as  far  as  the  dust  of  Krakatoa.    This  much,  however, 

we  know,  that  the  farther  one  gets  inland  and  the  less  the  chlorine 

figure  becomes  for  rain-water.     Angus  Smith  has  published  some 

averages  for  rainj  in  terms  of  hydrochloric  acid  per  million.    I  have 

converted  his  figures  to  parts  of  chlorine  per  100,000  of  rain-water, 

and  arranged  them  as  follows  in  proof  of  this  diminishing  distribution : 

Ireland,  Valentia  4*72 

Liverpool  .3*49 

English   Towns 0*84 

Darmstadt  0*094__ 

*  Trans.  Chem.  Soc.,  Vol.  77,  p.  1273.  1  Ibid, 

t  Air  and  TUiVu^  liOTv^ixvQktvfk^  lioudon^  1872,  p.  281. 
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The  Concentration  of  Sea-Salt. 

When  rain-water  reaches  the  earth  its  burden  of  salt  necessarily 
becomes  concentrated  by  evaporation.  A  flat  sheet  of  water  will  in 
twelve  months  lower  its  level  20  inches,*  so  that  it  follows  if  the 
original  depth  were  40  inches,  the  result  of  a  year*s  evaporation 
would  be  to  double  the  amount  of  salt  in  a  given  weight  or  volume 
of  the  residual  water  ;  much  quicker  must  evaporation  be  from  land 
surfaces  where  capillary  action  may  come  into  play  and  constantly 
draw  moisture  upwards  where  it  is  exposed  on  a  maximum  of  earth- 
surface  to  the  evaporative  influence  of  the  sun,  or  of  a  higher  atmos- 
pheric temperature. 

The  final  result  appears  so  apparent  as  to  need  no  proof.  I  may* 
however,  refer  to  peculiar  cases  of  concentration  1  have  come  across 
in  the  course  of  this  study.  Well-waters  in  the  Millstone  Grit  show 
evidence  of  concentration  in  higher  chlorine  figures,  and  also  that 
the  salt  is  cyclic  sea-salt  from  the  fact  that  it  does  not  increase  at  the 
same  rate  as  the  other  solids  in  solution,  whereas,  if  it  were  derived 
frcHn  the  soil,  it  ought  to  increase  either  at  the  same  or  at  a  greater 
rate,  because  of  its  greater  solubility  than  that  of  the  other  bodies ; 
this  is  illustrated  by  the  following  data  : — 


F^vrtM  per  VH),OM. 


Total  SolidH. 


ri 


Upland  surface  water.  Average  of  \ 
19  Analyses  extending  over  2^  !- 
years,  Sept.,  1898,  to  Jan.,  1901    j 

Well  No.  1  (pure)      38 

Well  No.  2  (pure)      28 

Well  No.  3  (pure)      38 


9-68 


1-33 

3-85 
2-00 
215 


Kntio. 
i  Total  .SolidH  to 

a. 


100  : 

13-7 

100  : 
100  : 
100  : 

101 
71 
5-7 

TiiK  Casplvn  and  Dead  Seas. 

This    concentration    of    chlorides   is   an    hnportant   geological 
factor.    To  return  to  our  Pennine  reservoir.    If  there  were  no  out- 


*  A  four  years'  mean  evaporation  from  the  Torquay  watershed,  as  kindly 
supplied  to  me  by  Mr.  W.  Ingham,  C.E.,  is  20*88  in.,  1897-1900. 
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let  and  a  rate  of  evaporation  equal  to  the  inftow  of  watcr^  it  wouM, 
in  50,000  years,  contain  two  and  three-quarter  millions  of  tons  of 
salt,  or  if  we  halve  the  rate  of  accumulation  it  would  still  be  1,375,000 
tons  of  salt,  collected  from  a  gathering  ground  of  2.223  acres  into  a 
reservoir  of  93  acres  surface,  and  of  a  depth  of  Go  feet.  The  reservoir 
at  this  lesser  estimate  would  contain  32  per  cent,  of  salt,  as  compared 
with  the  Dead  Sea  with  its  24  per  cent.,*  and  the  accumulatioD, 
derived  nearly  entirely  from  rain-borne  sea-salt,  and  some  of  it  already 
precipitated,  would  have  been  amassed  during  a  period  which  is  com- 
paratively trifling,  as  geological  time  is  reckoned,  being  probably  less 
than  a  seventh  of  the  Pleistocene  Age. 

We  have  here  then  a.  process  at  work  which  must  be  taken  into 
account  in  framing  theories  of  salt-lake  and  salt-deposit  formations ; 
hitherto  it  has  been  entirely  overlooked,  and  only  contributions  of 
earth-salt  derived  by  solvent  denudation  have  been  drawn  upon  for 
the  purpose,  with,  in  many  cases,  the  added  supposition  that  the  first 
step  in  their  formation  was  the  disconnection  of  an  arm  of  the  sea, 
a  supposition  which  is  not  always  required.  Thus,  with  regard  to 
the  salt  deposits  of  Northern  Africa,  Prof.  Zittelt  has  shown  on  what 
appears  to  be  overwhelming  evidence,  that  the  popular  idea  of  the 
Sahara  having  been  the  basin  of  a  sea  in  Pleistocene  times  is  without 
foundation,  aiid  as  the  rainfall  was  heavier  and  the  climate  damper 
in  those  days  than  now,  rain-borne  sea-salt  must  have  played  an 
importimt  part  in  the  formation  of  the  salt  hills  of  the  Sahara. 

The  usual  theory  of  the  cause  of  the  saltness  of  the  Caspian  Sea 
appears  also  somewhat  anomalous.  The  Mediterranean,  Black  Sea, 
Sea  of  Azof,  and  Caspian  Sea,  decrease  in  saltness  in  this  order,  on 
which  Ramsay  has  remarked  :  {  *"  It  will  be  seen  that  the  Black  Sea 
is  fresher  than  the  Mediterranean.  .  .  .  Tlie  Caspian  is  still  fresher, 
and  its  fauna  and  fossils  in  recent  deposits  in  the  neighbourhood 
prove  it  to  have  once  had  connection  with  the  Black  Sea,  from  which 


*Thi8  figure,  often  quoted,  refers  to  the  ** saline  residue"  in  which  the 
quantity  of  common  salt,  as  will  presently  be  sliown,  is-  governed  bv  the 
amount  of  magnesium  salts  present 

t  Nature,  Vol.  XXIX.,  pp.  121  and  122. 

:  Nature,  Vol.  VII.,  p.  il3. 
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has  been  separated  by  elianges  in  physical  geography ;  it  was 
Salter  than  at  present,  but  is  now  growing  Salter  again  every 
r,  and  the  fauna  now  inliabiting  its  waters  have  likewise  con- 
ble  affinities  with  North  Sea  types. ""  Now  I  should  think 
'whole  phjTsical  facts  of  the  case  are  comprised  in  the  simple  state- 
that  the  Caspian  is  an  inland  sea  of  large  volume  and  variable 
ion,  fed  by  inland  rivers  rising  in  and  flowing  through  regions 
^  where  the  sea-salt  in  the  rainfall,  not  reckoning  that  derived  from 
the  lake  itself,  must  have  reached  a  minimum  ;  where  the  chief 
•ouice  of  saltness  must  be  the  earth-salt  from  solvent  denudation, 
snd  how  small  that  may  be  expected  to  be  will  be  presently  shown 
in  the  case  of  the  Aire  at  Malham  Cove ;  where  a  large  portion  of 
ibe  evaporated  water  must  come  down  again  to  the  sea  itself,  so  large 
is  its  area ;  from  all  of  which  statements  it  follows  that  the  Caspian 
must  increase  in  saltness  at  so  phenomenally  slow  a  rate  that  one  is 
not  surprised  to  find  it  least  salt  of  all  the  waters  which  have  been 
mentioned.  As  an  inland  lake  without  outlet,  one  would  think 
that  it  can  never  have  been  Salter  than  it  is  at  present,  and  it  will 
'  be  irell  to  revise  the  biological  data  upon  which  such  an  idea  is  based. 

y  Let  us  next  consider  the  Dead  Sea  from  this  point  of  view.    Little 

i  farther  removed  from  the  Mediterranean  than  Widdop  is  from  the 
Irish  Sea,  with  a  rainfall  in  Palestine  higher  than  that  of  the  Peninne 
Hills,  and  an  intensity  of  meteorological  conditions  in  the  past  of 
which  we  can  at  the  present  day  form  but  a  poor  conception,*  it 
is  reasonable  to  suppose  that  the  salts  in  the  Dead  Sea  have  been 
for  the  most  part  derived  from  the  Mediterranean — carried  by  winds 
and  brought  down  by  rains — and,  barring  the  contributions  of  Jebel 
TJadum,  it  will  probably  be  found  that  over  90- per  cent,  of  the  salts 
come  from  this  source.  On  such  a  theory  we  look  for  some  measure 
of  likeness  between  the  dissolved  matters  of  the  two  waters,  but  an 
initial  obstacle  to  comparison  presents  itself  in  the  much  greater 
concentration  in  one  case  than  in  the  other,  and  in  the  variability 
o£  the  Dead  Sea  itself  from  the  North,  where  the  Jordan  enters,  to 
the  South,  where  the  salt  hill  of  Jebel  Usdum  overlooks  it.    In 


*The  Land  of  Israel,  TriBtram,  p.  320. 


100 

:    0-95 

100 

:    2*7 
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:    3-6 
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insCitutmg  a  comparison  I  have,  therefore,  confined  mjself  to  ih$ 

ratio  of  the  related  iona,  chlorine  and  bromine.      Uaiglio's  figum 

for  the  Mediterranean  at  Cette  give 

CI.         Br. 
100    :    21 

which  are  practically  the  same  as  Von  Vibra*s  for  the  Atlantic  At 

the  Equator — 

CL  Br. 

100    :    2-09 

The  analyses  of  Dead  Sea  surface-wat-er  made  by  TerreiJ  give 

the  following  ratios  : — 

CI.  Br. 

Near  Rasdale         

Lagune,  North  of  Sodom 

Near  Island  

Average  100    :    2*4 

The  closeness  of  this  average  to  the  Mediterranean  and  Atkntie 
Ocean  figures  is  somewhat  remarkable,  and  although  it  will  not  be 
taken  as  absolute  proof  that  the  Dead  Sea  has  obtained  its  salt  from 
the  Mediterranean,  it  at  least  destroys  the  contention  that  the  dii' 
solved  constituents  of  the  two  seas  are  so  dissimilar  that  one  canDOt 
have  been  derived  from  the  other. 

The  Geological  Age  of  the  Earth  as  Measured  by  the  Rate   ' 

OF  Solvent  Denudation. 
I  now  pass  to  the  bearing  of  the  foregoing  facts  and  others  I 
shall  adduce  on  Professor  Joly's  way  of  calculating  the  age  of  the 
earth  since  the  first  ocean  was  formed.*    The  method  may  be  thus 
briefly  put — 

NaCl  +  NaNo3  +  Na2S04  in  the  seas. 

=  Age  of  the  Earth. 

Annual  addition  of  NaCl+NaNO,+Na^O, 

by  rivers, 

or  more  particularly,  the  sodium  contents  of  the  seas,  divided  by  tht 

sum  of  the  annual  sodium  increments  furnished  by  the  affluent  men. 

♦  Trans.  Roy.  Dublin  Soc.,  VII.  (Series  11.),  23-66;  and  B.A.  Report, 
1900,  pp.  369-379. 
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equak  the  geological  age  of  the  Earth.  There  can  be  no  mathe> 
matical  precision  in  any  method  for  getting  at  the  age  of  the  Earth, 
and  this  latest  method  of  attacking  the  problem  appears  no  more 
precise  than  the  rest. 

If  we  take  the  numerator,  for  the  present,  to  be  approximately 
correct,  the  degree  of  accuracy  attainable  will  depend  upon  the  re- 
GalMlity  of  the  denominator,  and  to  this  question  my  attention  will 
be  solely  directed. 

It  is  assumed,  in  the  first  place,  that  the  solvent  denudation 
which  yields  the  annual  load  of  combined  sodium  to  the  seas  has 
been  uniform  in  its  action  from  the  first.  Now,  as  a  chemist,  I  have 
tried  to  picture  to  myself  the  condition  of  things  immediately  before 
and  after  the  ""  consistentior  status,"  when  the  cooling  globe  allowed 
of  the  condensation  of  aqueous  vapour  to  form  the  first  ocean. 

Oxides  of  the  alkalies  and  alkaline  earths,  silicated  and  other- 
wise, would  exist  among  the  first  compounds.  Hydrochloric  acid 
would  admittedly  be  another,  and  as  the  temperature  gradually 
fewered  their  incompatibility  would  result  in  the  production  of 
aiKca,  aqueous  vapour,  and  salts  like  sodium  chloride. 

There  is  no  more  remarkable  fact  than  the  thoroughness  with 
which  hot  water  takes  up  chlorides  from  a  hot  surface  with  which 
it  is  in  contact  or  prevents  their  deposition.  I  need  only  instance 
the  formation  of  boiler  scale.  The  boiler  water  increases  the  amount 
ci  its  chlorides  in  solution  so  regularly  with  the  amount  of  evaporation 
that  it  has  been  made  the  basis  of  a  technical  method,  now  often 
used  for  finding  the  evaporative  power  of  coal.  The  boiler  scale 
contains  only  the  minutest  trace  of  chlorides. 

I  imagine  then  tliat  the  seething  Arch»an  Sea  would  dissolve 
all  soluble  chlorides  from  the  ocean  floor  and  rocks  of  those  times, 
and  as  the  deliquescent  salts  appeared  on  new  land  surface  they 
would  be  washed  away  by  every  shower,  so  that  to  all  intents 
and  purposes  "the  sea  was  salt  from  the  first."  My  ideas  here 
run  somewhat  parallel  to  those  of  Professor  W.  J.  Sollas,  who,  in 
his  able  address  to  the  Geological  Section  of  the  B.A.  at  Bradford, 
observes :  *"  The  ocean  when  first  formed  would  consist  of  highly- 
heated  water,  and  this,  as  is  well  known,  is  an  energetic  chemical 
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reagent  when  brought  into  contact  with  silicates  like  those  which 
formed  the  primitive  crust.  As  a  result  of  its  action  saline  solutions 
and  chemical  deposits  would  be  formed  ;  the  latter,  however,  wouM 
probably  be  of  no  great  thickness,  for  the  time  occupied  by  the  ocean 
in  cooling  to  a  temperature  not  far  removed  from  the  present  would 
probably  be  included  within  a  few  hundreds  of  years."* 

This  view  of  things  is  opposed  to  uniformity  of  rate  of  solvent 
denudation,  and  leads  to  the  direct  inference  that  in  the  later  age 
of  the  earth  such  changes  are  proceeding  at  a  very  much  slower  rate. 
1  see  no  objection  to  a  varying  rate  in  the  facts  adduced  by  Dr.  Jdy 
as  confirmation  of  his  h^-pothesis  of  uniformity  from  the  first  He 
points  out  that  the  sum  of  the  soda  now  in  the  ocean  and  in  the 
sedimentaries  would  nearly  suffice  to  effect  the  full  restoration  of  this 
constituent  to  the  original  igneous  rock.  Such  facts  are  equally 
in  keeping  with  an  unequal  distribution  of  the  work  of  denudation 
over  the  period  of  the  Earth's  age,  that  it  was  rapid  at  first  and  after- 
wards slower  and  slower  with  the  flow  of  time,  and  the  slower  the 
rate  at  which  one  can  prove  it  to  be  now  proceeding,  the  more 
prodigious  must  have  been  the  initial  rate  to  yield  the  final  colossal 
sum  of  oceanic  contents. 

On  the  Ratio  of  Sea-s.vlt  to  Earth-salt  in  River  Water. 

It  >\ill  be  apparent  that  if  we  have  to  get  an  idea  of  the  rate  al 
which  solvent  denudation  is  now  proceeding  it  will  be  necessary 
to  find  what  proportion  of  earth-salt  rivers  are  carrying  to  the  sea 
along  with  the  cyclic  sea-salt.  I  have  to  offer  the  following  attempt 
at  a  solution  of  the  problem  for  the  source  of  the  Aire. 

A  gravimetric  analysis  of  Craven  limestone  gave  O'Ol  per  cent* 
of  chlorine.  The  water  at  Malham  Cove  is  of  10*  of  hardness,  and 
contains  a  total  of  *7  parts  of  chlorine  per  gallon.  Therefore,  every 
gallon  of  water  at  the  Cove  contains 

Groin». 

Calcium  Carbonate        lO'OOO 

Chlorine  in  earth-salt  O'OOl 

Chlorine   in   sea-salt  0*699 

♦B.A.  Report,  1900,  p.  716. 
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T  of  the  load  of  salt  in  this  special  case  carried  to  the  sea  fully  99 '8 
«r cent  is  sea-salt,  and  only  less  than  0*2  per  cent  earth-salt,  or  that 
lart  which  is  to  be  taken  into  account  in  ascertaining  the  rate  of 
oivent  denudation  now  in  progress,  and  even  this  is  cyclic  in  a  sense, 
« it  comes  from  a  Carboniferous  and  goes  back  to  a  present-day  sea. 

I  draw  practically  the  same  conclusion  from  other  and  more 
general  considerations.  Thus,  the  solids  dissolved  in  average  river 
vater  yield  the  atomic  ratio  of  sodium  to  chlorine  of  1  :  0*345,  as 
alculated  from  Sir  John  Murray's  data,*  while  in  the  Earth's  crust, 
laing  Professor  F.  W.  Clarke's  data,  we  have  a  ratio  of  1  :  00024  ;t 
D  other  words,  the  chlorine  in  river  water,  which  we  take  as  a  measure 
i  the  salt  going  to  the  sea,  exists  in  143  times  greater  proportion 
ban  we  find  it  in  the  crust  of  the  Earth,  or  to  put  it  in  yet  another 
)nn  probably  only  0*7  per  cent,  of  earth-salt,  and  99*3  per  cent, 
f  salt  from  some  other  source,  say  cyclic  salt,  is  being  carried  by 
ivers  to  the  sea. 

How  do  these  results  square  with  other  facts  ?  Lawes,  Gilbert, 
ad  Warrington  J  have  shown  that  the  amount  of  chlorides  in  drain- 
^  from  drain-gauges  in  unmanured  land  and  uncropped  soil  is 
most  exactly  equal  to  that  contained  in  the  rain.  In  other  words 
ley  were  unable  to  estimate  the  amount  of  earth-salt,  it  was  so  small, 
gain  in  chalk,  granite,  sandstone,  and  other  rocks,  the  sodium 
iloride  is  so  inconsiderable  a  trifle  as  usually  to  find  no  place  in 
corded  analyses.  It  is  improbable  then,  that  after  extended  in- 
stigations, an  average  of  1  per  cent,  of  the  sodium  curried  to  the 
a  as  chlorides,  &c.,  will  ever  be  found  as  the  result  of  solvent  de- 
idation,  and  consequently  that  Prof.  Joly's  90  millions  of  years 
timate  of  the  age  of  the  earth  based  on  uniformity  of  action,  would 
come  8,000  millions  of  years,  a  quantity  of  time  which  I  imagine 
ill  be  too  excessive  even  for  the  exorbitant  demands  of  the  biologista. 

Se.\sonal  Variation  of  Salt  Circulation. 

In  all  such  problems  again  seasonal  variation  of  fluviatile  salt- 
d.  must  also  be  taken  into  account.     It  has  a  tendency  to  average 

""The  Scottish  Geographical  Magazine,  Feb.,  1887,  p.  12. 
tBull,  U.S.  GeoL  Survey,  No.  14«,  p.  13. 
*Tmn8,  Chem.  Soc.,  Vol.  LI.,  p.  94. 
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itself  where  large  volumes  of  water  are  concerned  ;  thus  in  the  hun- 
dreds of  samples  analysed  from  the  source  of  the  Aire  during  oar 
investigations  of  the  underground  waters,  there  has  been  no  notice- 
able variation  from  normal ;  these,  however,  have  only  been  summ^' 
experiments.  There  must  be  variations  due  to  periods  of  exceaave 
evaporation  and  of  storm.  The  Nile  furnishes  a  striking  example. 
Wanklyn.*  in  1874  and  1875,  obtained  the  following  chlorine  figurei 
for  this  river  : — 


• 

l*&rUperlOO,O0a 

1874.    June  8th         

2-5 

Julv  9th         

1-3 

August  12th 

04 

September  20th 

0-5 

October  12th 

0-5 

November  12t.h 

0-7 

December  12th 

.        0-6 

1875. — April                

1-4 

May  13th        

.        1-7 

The  annual  fluctuation  is  better  grasped  from  the  plotted  cuire. 

(Plate  LXVIIL,  fig.  3.) 

Similar  observations  are  wanted  for  a 

11  the 

rivers 

of  the  world 

Conclusion. 

To  sum  up,  then,  salt  circulation  in  Nature  forms  an  important 
and,  up  to  now,  inadequately  realised  phenomenon,  and  to  it  we  un- 
doubtedy  owe  much  of  the  saltness  of  present  day  salt-lakes.  In 
the  solvent  denudation  method  of  arriving  at  the  age  (rf  the  Earth, 
too  little  allowance  has  been  made  for  the  mass  of  sodium  chloride 
carried  by  the  rivers,  which  has  been  brought  from  the  ocean  by 
atmospheric  transportation,  and  consequently  too  high  a  figure 
has  been  adopted  for  the  variable  proportion  of  sodium  derived  from 
the  Earth.  But  although  little  satisfaction  may  be  received  from 
the  numerical  results  obtained  by  this  in  common  with  other  wayt 
of  trying  to  solve  the  mystery  of  the  Earth's  age,  they  are  at  least 


Water  Analysis,  6th  Edition,  p.  151. 
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)lc(Hne  in  this  reelect  that  we  are  led  to  gamer  and  make  use  of  an 
lundance  of  facts  which  lie  to  liand  and  onlv  need  the  trouble  of 
laping. 

Addenda. 

Since  this  paper  was  read,  Mr.  John  Scarborough,  of  Halifax, 
M  been  good  enough  to  communicate  to  me  a  reminiscence  of  his 
loyhood  connected  with  the  subject.  He  remembers  a  storm 
irUch  brought  salt  with  it  in  such  quantity  that  it  formed  an  in- 
crustation on  the  tiles  and  window  panes ;  he  saw  and  tasted  it. 
He  fixes  the  date  approximately  by  the  roofing  of  St.  Marie's  Roman 
Catholic  Church,  which  was  early  in  1839. 

The  Great  S.4Lt  Storm  of  1839. 

I  determined  to  look  up  contemporary  records  for  further  par- 
iculars,  and  my  investigations  were  considerably  lightened  by  Mr. 
^cweph  Whiteley,  the  Borough  Librarian,  placing  in  my  hands  a 
ttiall  volume  entitled,  *"  Narrative  of  the  Dreadful  Disasters  occasioned 
y  the  Hurricane  which  visited  Liverpool  and  various  parts  of  the 
kingdom  on  the  nights  of  Sunday  and  Monday,  Jan.  Gtli  and  7th, 
839." 

All  Sunday,  Jan.  (5th,  the  wind  was  blowing  strongly  from  the 
^•E. ;  the  barometer  fell  considerably,  and  the  wind  shifted  suddenly 
f>  the  S.W.,  and,  increasing  in  rapidity,  became  a  perfect  hurricane 
^n  after  midnight.  Vessels  were  driven  jishore,  trees  up-rooted, 
ouses  unroofed,  chimneys  and  thick  walls  were  blown  down.  The 
torm  still  raged  until  Monday  afternoon,  when  it  began  to  abate, 
ftd  about  10  o'clock  there  was  a  perfect  lull,  followed  by  furious 
lists  from  the  N.W.  The  following  extracts  are  references  to  the 
ranching  with  brine  to  which  the  country  was  subject,  and  affording 
)undant  evidence  that  during  this  storm  salt  was  driven  from  the 
ish  Sea  and  Atlantic  Ocean  right  iicrcjss  the  island : — 

St.  Helens.-=-"  Such  was  the  force  of  the  tempest  here  that 
le  salt  spray  from  liverpool  covered  all  the  shrubs  and  hedges  in 
le  whole  neighbourhood,  and  the  plants,  windows,  ^x.,  were  white 
id  covered  as  with  hoar  frost." 
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Manchestkr. — "  One  very  remarkable  fact  attending  the  recent 
storm  has  been  the  extent  to  which  objects  exposed  to  the  vioieDce 
of  the  wind  have  been  covered  with  saline  incrustations,  no  dooU 
produced  by  spray  brought  from  the  sea  by  the  violence  of  the  storm. 
Windows,  the  branches  of  trees,  and  many  other  objects  have  been 
so  completely  incrusted  with  salt  as  in  many  cases  to  appear  u  if 
covered  Mrith  hoar  frost,  so  as  to  attract  the  notice  of  the  most  care- 
less observer.  We  have  now  lying  before  us  about  a  quarter  of  an 
ounce  of  salt  which  was  collected  in  a  few  minutes  by  G.  L  Kde- 
halgh,  Elsq.,  from  trees  in  the  neighbourhood  of  Flixton,  and  a  number 
of  branches  exhibiting  saline  incrustations  in  the  most  palpable  manner 
have  been  brought  to  us  from  different  quarters.  We  understand 
that  this  appearance  is  not  confined  to  this  neighbourhood,  but  preTaib 
in  Saddleworth  and  other  places  to  the  eastward.'' — ManchesUr 
Guardian. 

Rochdale. — *"  The  hedges  and  trees  in  the  neighbourhood,  and 
as  far  inland  as  Saddleworth,  were  literally  pickled  with  brine,  or 
salt  spray,  brought  from  the  sea  by  the  strength  of  the  wind" 

Chester.—**  We  understand  that  the  hedges,  trees,  and  fields  in 
some  districts  are  covered  with  a  substance  liaving  the  appearance 
of  a  white  fur,  which  is  perfectly  salt  to  the  palate.'' — Chester  CouranL 

EoCLtSTON. — **  The  hedges  were  covered  apparently  with  hoar 
frost    .    .     .    salt  and  brackish  to  the  taste.** 

Bury. — "  The  atmosphere  early  in  the  morning  was  impregnated 
with  saline  particles,  which  it  was  found  on  the  appearance  of  daj- 
light  had  been  deposited  on  the  trunks  and  branches  of  trees  in  the 
country,  and  on  some  windows  near  the  town,  forming  a  white  in- 
crustation, the  nature  of  which  was  very  evident  to  the  taste.  The 
minute  particles  must  have  been  borne  on  the  wings  of  the  winds 
from  the  bosom  of  the  ocean  to  these  comparatively  inland  districta 

Longton.  — "  Monday,  twelve  o'clock  at  noon,  wind  W.  The 
trees  and  hedges  appear  as  covered  with  hoar  frost  by  reason  of  par- 
ticles of  salt.  Two  o'clock  :  The  wind  has  increased  with  redoubled 
violence  and  the  air  is  darkened  with  particles  of  saline  matter  as  of 
a  mist  or  foo:." 
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»DERSFIELD. — *"  It  is  a  singular  fact  that  trees  about  Hudders- 
ing  the  storm  on  Monday  appeared  as  if  covered  with  hoar 
t  as  it  did  not  freeze,  it  led  to  an  examination,  when  it  turned 
this  was  a  briny  deposit  which  the  wind  had  probably  brought 
t  Irish  Sea."* 

roN. — "  Not  within  the  memory  of  the  oldest  person  has  this 
Iford)  been  visited  with  such  a  tremendous  gale  iis  set  in 

west  on  Tuesday  morning,  the  8th  inst  (Monday,  the  7th  1), 

o'clock,  and  continued  unabated  until  11  at  night.  The 
narkable  feature  in  the  phenomenon  here  was  that  before 

every  tree  and  hedge  in  the  bleak  situations  were  encrusted 
:e  a  hoar  frost)  witli  a  powerful  alkali  which  an  eminent 
pronounced  to  be  muriate  of  soda.  It  was  easy  to  collect 
iwing  the  branches  over  with  a  piece  of  dark  woollen  cloth, 
K>n  became  as  white  as  if  chalked.    Several  times  something 

observ'ed  within  seven  or  eight  miles  of  the  German  Ocean* 
e  wind  has  blown  from  the  east,  and  it  was  supposed  tlie 
jorbed  it  from  the  vapours  of  the  sea  ;  but  the  wind  having 
wn  from  the  west,  if  such  was  the  case,  it  must  have  been 
[  completely  across  the  island  from  the  Irish  Sea.  It 
.  that  the  greater  the  elevation  the  greater  was  the  deposit 
ete,  which  was  clearly  confined  to  the  bleak  side,  particularly 

instructive  comment  on  this  new8i)fipcr  olwen'ation  is  afforded  by 
)f  the  rain-gauge  water  of  Ingleby  (irccnhow  Vicarage,  in  Cleveland, 
ibove  sea-level  and  some  20  miles  from  the  (verman  Ocean.  The 
vere  kindly  collected  Tor  me  by  the  Rev.  J.  Hawell,  who,  knowing 
t  in  view,  also  supplied  me  M'ith  the  meteorological  data  in  the  last 


m  the  Rain  FelL 


Chlorine, 

}*arUper 

100,000. 


Kqiiivalent  in  CiminM  of  Common  .Salt 
per  Gallon. 


1900. 

1 

2,  3,  4,  T),  6,  and  7 

100 

iir> 

9,  12,  14,  and  15... 

o-ttr> 

0-75 

,18,  20,  and  21     ... 

1-40 

1-61 

1901. 

•••                 •••                 ••■ 

8-60 

9-92 

•••                  •••                 ••• 

4  00 

4*61 

I  Violent  storm  from  the  Mat.    Rain- 
\       tell,  0-M  in. 

jStmoir    wbul    hlowinic   from   eMi 
I       coMt.    Rainfkll.  o-M  in. 


416  ackrotd:  ox  the  circulation  of  salt. 

obienrable  on  well-painted  gates  and  on  the  uj^r  windows  of  hooaes, 
which  were  rendered  quite  dim  by  the  incrustation.  It  wu  afao 
obaerved  to  come  through  the  crevices  of  a  barn-door  like  smoke, 
and  the  reflection  of  the  light  on  it  caused  it  to  glisten  very  briiiumtlj/ 
CouxTY  OF  DiTtHAM.— Canon  Tristram,  whose  attention  I  had 
called  to  this  subject,  kindly  wrote  on  the  11th  of  March,  1902:— 
'  It  may  interest  you  to  know,  with  respect  to  the  storm  of  6th  snd 
7th  January,  1839,  which  I  well  remember,  a  fact  which  came 
under  my  own  obsenration.  At  the  Castle,  Castle  Eden,  which 
stands  on  a  bluff  not  far  from  the  east  coast  of  the  County  of 
Durham,  and  oTerlooking  the  sea,  on  the  morning  of  the  7th 
January  all  the  windows  of  the  Castle  facing  west  were  covered  with 
a  saline  incrustation  like  hoar  frost,  while  those  on  the  east  face  had 
not  a  trace  of  salt  on  them." 

FiRTHEK  Evidence  df  S.vlt  Circilation  in  Calmer 

Tdos. 

It  is  probable,  as  I  have  attempted  to  show  by  chemical  evideiice, 
that  winds  blowing  from  the  sea  are  always  more  or  less  8alt4aden. 
Armand  (lautier  has  quite  recently  made  a  determination  of  the 
amount  of  sak  in  sea  air  (Bull  Soc.  Chim.,  1899  (iii),  21,  391-392), 
A  known  volume  of  air  at  the  Rochedouvres  Lighthouse  was  as- 
pirated through  a  long  plug  of  asbestos  wool,  which  was  afterwards 
washed  with  hot  water  in  which  the  soluble  chlorides  were  then 
determined  The  air  was  collected  both  during  day  and  night  in 
fin^  dry  weather  with  a  W.X.W.  wind  blowing  from  the  open  sea. 
Tlie  aspirator  was  nine  metres  (29 J  ft.)  above  the  sea-leveL  For 
a  mean  temperature  of  15*  C.  the  chlorides  found  worked  out  to  22 
milligrams  per  cubic  metre  of  air  (equal  to  0*259,  or  say  J  of  a  grain 
per  cubic  yard),  which  Gautier  regards  as  the  maximum  quantity 
of  salt  which  air  can  retain  in  suspension. 

Ox  THE  Origin  of  the  Saltness  of  Salt  Lak^ 
These  various   facts   enable  one  to  realise  that   with  extreme 
meteorological    conditions,    such    as   have    admittedly   obtained  in 
the  past   liistorv  of  the  Jordan  watershed,  it  may  have  been  no 
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UDGoniiiiaii  thing  for  Palestine  to  be  drenched  with  sea-salt  by  the 
preralent  westerly  gales,  in  which  case  a  more  important  contri- 
bntion  towards  the  saltness  of  the  Dead  Sea  would  be  made  than 
ixmU  be  furnished  by  its  widely-distributed  limestone  rocks.  On 
this  subject  I  hope  to  get  definite  facts  from  the  analyses  of  Palestine 
fimestones.  Through  the  kind  offices  of  one  of  our  Vice-Presidents 
(Hr.  Walter  Morrison)  a  number  of  samples  have  been  submitted 
to  me  for  this  purpose  by  the  Palestine  Exploration  Committee. 
In  opposition  to  this  view  it  has  been  pointed  out  that  wide  differences 
exist  in  the  composition  of  the  waters  of  salt  lakes,  and  the  opinion 
has  been  expressed  by  Professor  Joly*  that  "  the  whole  facts  of  the 
ease  entirely  negative  the  wide  deductions,*"  which  I  have  founded 
on  my  calculations.  He  f urtlier  says  :  **  The  very  variable  composition 
of  salt  lakes  must  be  regarded  surely  as  an  insuperable  objection. 
.  .  .  !  The  Dead  Sea,  for  instance,  shows  a  very  large  excess 
of  magnesium  salts  over  sodium  salts,  the  chlorides  constituting 
15*9  per  cent,  and  «V(»  per  cent,  respectively  of  the  total  solids.  There 
IS  even  a  large  excess  of  calcium  over  sodium  in  its  waters.  In  the 
Great  Salt  Lake  the  proportions  are  just  the  other  way.  The  per- 
centages are  nearly  marine,  11*9  per  cent,  of  sodium  chloride  and 
a  very  little  magnesium  chloride,  but  1*1  per  cent.  There  is  relatively 
very  little  calcium.  .  .  .  Tlius,  the  lake  which  is  most  favourably 
situated  for  the  rain  supply  of  sea-salts  is  just  that  one  which  most 
completely  departs  in  its  chemical  composition  from  that  of  the  ocean. 
Again,  we  find  a  lake,  such  as  the  Elton  Lake  of  the  Kirghis  Steppe, 
200  miles  from  the  Caspian,  possessing  a  chemical  composition  ap- 
proximating to  that  of  the  Dead  Sea — 19*7  per  cent.  MgCl^,  53 
per  cent,  of  MgSO^,  and  3*8  per  cent.  NaCl.  Calcium  is,  however, 
in  its  case  absent  or  inappreciable."  {Chemical  News,  June  28th, 
1901,  p.   30L) 

These  seeming  discrepancies  disappear  in  the  light  of  a  principle 
which  I  enunciated  recently  {Geological  Magazine,  Decade  IV,  Vol. 


•The  controversy  on  these  matters  between  Prof.  Joly  and  myself  will 
be  found  in  the  Chemical  News,  June  28th  and  August  2nd,  and  (ideological 
Magazine  for  August,  October,  November,  and  December,  1901. 
K 
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VIII.  No.  448,  p.  446,  October  1901).  It  can  be  best  shown  hm 
by  reference  to  and  explanation  of  the  Elton  Lake.  The  waten  of 
this  lake  vary  in  composition,  becoming  more  concentrated  as  the 
year  advances.  The  seasonal  change  is  exhibited  in  the  following 
analyses : — 


InSprinff 
(GobelX 


In  Snmmer       In  Aatan 
(EnlmannX  (Bat). 


,  Sodium  chloride,  NaCl      13-1  !           7*4  3*8 

1  Magnesium  chloride,  MsCl,         ...  10*5  |         10*3  19*7 

j  Potaasium  chloride,  KCl 0*2                   —  j  0*2 

I  Calcium  chloride,  CaCl, -                     —  '         — 

!  Potassium  sulphate,  KjSOL         ...  -                     0*04  — 

1  Magnesium  sulphate,  Mg80«       ...  1*6  !           2*20  5'3 

,  Water           74*4  1         73*,iO  70-8 


99-8  99*44  99-8 


The  two  main  bodies  in  solution  are  magnesium  chloride  and 
sodium  chloride,  and  as  concentration  proceeds  on  the  approach 
of  autumn  the  former  increases  and  the  latter  decreases  in  amount 
Regarding  the  Elton  Lake  as  a  saturated  solution  we  may  plot  these 
results  along  with  the  fact  that  a  saturated  solution  of  common  salt 
with  no  magnesium  chloride  in  it  holds  about  26-5  per  cent  of  sodium 
chloride  at  normal  temperature.  We  get  the  compound  solubiHtj 
curve  as  in  Plate  LXIX.,  fig.  4. 

It  follows  that  solutions  containing  less  than  10  per  cent  of  mag* 
nesium  chloride  when  saturated  with  common  salt  will  give  analjtieal 
data  wliich,  upon  coordination,  will  fall  approximately  on  the  cum. 
This  I  have  proved. 

There  is  nothing  anomalous  therefore  in  the  differences  one 
observes  between  different  lakes  any  more  than  there  is  in  the  seasonal 
differences  existing  in  the  Elton  Lake  itself.  It  is  very  largely  a 
question  of  the  amount  of  one  body  in  solution  being  conditioned 
by  the  amount  of  another  that  there  may  be,  to  which  of  couise 
must  be  added  the  geological  nature  of  the  gathering-ground  supply- 
ing any  particular  lake.  The  Great  Salt  Lake,  with  a  minimum 
quantity  of  magnesium  chloride,  may  have  a  maximum  quantity 
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of  common  salt  in  solution ;  and  the  Dead  Sea,  on  the  other  hand, 
with  magnesium  salts  in  excess  from  the  excessive  evaporation,  may 
lie  continuously  precipitating  its  salt,  giving  us  in  the  southern  parts 
"  quite  a  paste ""  (Tristram),  while  on  the  floor  of  the  lake  itself  salt 
18  being  deposited  (Hull :  Geol.  and  Geog.  of  Arabia  Petrsea,  p.  122). 
Herein  I  take  it  lies  the  explanation  of  the  origin  of  salt  hills,  like 
Jebel  Usdum,  which  liave  always  been  a  mystery  to  geologists. 

The  Lost  Iodine. 

A  final  objection  to  the  theory  that  the  Dead  Sea  owes  its  salt- 
nesB  largely  to  transported  sea-salt  is  that  of  the  absence  of  iodine 
in  its  waters.    How  far  this  objection  is  a  legitimate  one  is  a  matter 
for  serious  consideration.     Its  absence,  seeing  that  it  occurs  in  such 
minute  quantity  in  the  ocean — ^a  few  parts  per  million — is  not  so 
wonderful  as  that  of  the  loss  of  CO.j  which  has  entered  the  Dead 
Sea  in  combination  with  lime  from  the  limestone  hills  of  Palestine, 
and  yet  gives  practically  no  evidence  of  its  presence  in  its  waters. 
It  may  be  that  the  iodine  has  similarly  vanished  in  some  occult  chemical 
change  which  remains  to  he  discovered.     Another  possible  view  is 
that  the  iodine  has  not  been  found  and  not  that  it  is  not  there.    The 
difficulties  of  detection  are  many,  arising  not  only  from  the  minute 
quantity  of  it,  but  also  from  its  state  of  combination.    Sonstadt 
regarded  it  as  existing  as  iodate  in  sea-water,  a  form  that  would  elude 
the  ordinary  tests  for  iodides.    Oautier  also  has  come  to  the  con- 
clusion that  the  iodine  in  sea-water  is  not  in  the  form  of  metallic 
iodides,  but  that  it  exists  in  organic  compounds,  four-fifths  of  it  being 
soluble,  and  the  remaining  fifth  forming  part  of  the  substance  of 
the  infusoria  inhabiting  the  superficial  layers  of  the  ocean  (Comp. 
Rend,   1899,   128,   1,069—1,075).    Finally  it  exists  there  with  a 
prodigious  excess  of  other  haloid  compounds,  which  increase  the 
lifficulties  of  detection  and  separation.     These  considerations  lead 
:>ne  to  think  that  the  presence  or  absence  of  this  element  in  the  Dead 
3ea  or  its  deposits  is  still  a  question  for  investigation,  in  which  the 
modem  methods  of  chemical  science  could  possibly  be  now  effectively 
employed.     In  the  meantime  any  arguments  founded  on  its  supposed 
sifaeence  have  very  little  value. 
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The  Age  of  the  Earth. 

From  the  ground  of  solid  £act  we  come  to  an  atmosphere  of 

speculation  in  returning  to  a  final  consideration  of  the  validity,  or 

otherwise,  of  the  method  of  finding  the  Earth's  age,  since  seas  were 

formed,  hy  the  expression : 

Sodium  in  the  seas 

=   Age  of  the  Earth. 

Sodium  annually  added  bv  the  rivers 

My  view  of  the  matter  is  directed  by  one  striking  fact,  which  is 

that  all  the  sodium  in  the  sea  exists,  to  all  intents  and  purpons,  in 

the  39.782  billions  of  tons  of  common  salt  which  has  been  calculated 

to  be  there  in  solution.    Now  if  there  has  been  uniformity  from  the 

first,  or  *"  constancy  in  the  nature  and  rate  of  solvent  actions  going 

on  over  the  land  surhures  "  (Joly,  Trans.  Roy.  Soc  Dublin,  Ser.  II.. 

VoL  VII.,  page  24),  it  necessarily  follows  that  all  this  sodium  chloride 

in  the  ocean  has  gone  there  as  such,  or,  at  any  rate,  that  all  the  sodium 

going  there  has  finally  taken  the  form  of  chloride.    It  is  on  such 

considerations  that  my  criticisms  of  this  method  have,  from  the  first, 

been  based,  and,  to  be  strictlv  consistent,  if  the  numerator  coDsists 

of  common  sah  only,  then  the  denominator  ought  to  be  made  up  of 

the  same  materiiil.    Let   us  criticallv  examine,   however,  this  dc- 

nominator,  and  we  shall  really  find  that  much,  if  not  all.  of  it  consists 

<4  cyclic  sodium  as  I  have  already  attempted  to  prove  by  other  con- 

sideratiims.    The  sodium  in  it  comprises  10,303  tons  as  sulphate, 

7.252  tiHis  as  nitrate,  and  6,549  tons  as  chloride.     Of  this  last  not 

less  than  43  per  cent,  has  come  in  the  prodigious  quantity  of  calcium 

aiki  magnesium  carbonates,  and  is  represented  in  analyses  of  these 

Kxlies  as  0*01  per  cent,  of  chlorine.    Then  an  unknown  proportion 

ot  "  t\^l  sea-sah  fn^m  other  sources  "  is  included  in  this  chloride, 

as  shown  bv  the  researches  of  Stem-  Hunt.  Osmond  Fisher,*  and 

A.  R.  Hunt.!    Pn>bably  all  the  rest  is  cyclic  sea-salt.    As  regards 

the  nitrate,  it  is  noi  improbable  again  that  all  of  it  owes  its  origin  to 

c\vlio  s^Ki  :s»]t.    The  chemical  argument  on  this  point  is  interesting, 

ami  may  be  thus  given  : — In  the  first  stage  of  nitrification  we  hare 

*i;tx>l.  Mag.,  March,  1900,  pp.   129  and  1.10. 
^(ic^O.   Mag.,  Marrfa.  1901,  pp.   1-3. 
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the  genesis  of  ammonia  and  carbonic  acid ;  next  the  formation  of 
ammonium  carbonate,  which  is  changed  to  ammonium  nitrite. 
The  nitric  organism  transforms  the  nitrite  to  nitrate,  and  finally 
common  salt  jields  its  sodium  in  the  change  of  ammonium  nitrate 
to  sodium  nitrate.  That  the  common  salt  is  of  marine  origin  is  proved 
bj  the  composition  of  the  caliche  of  the  South  American  nitrate 
industry,  for  the  mother  liquor  left  after  the  nitrate  crystals  have 
been  removed  contains  iodine  in  the  form  of  iodate,  the  state  of  com- 
bination in  which  it  exists  in  sea-water.  Although  unaware  of  this 
chemical  fact,  geologists  have  looked  to  salt  of  marine  origin  as  the 
aouice  of  the  sodium  in  sodium  nitrate.  There  remains  now  only 
the  sodium  in  the  sodium  sulphate.  This  is  of  too  uncertain  origin 
Eor  one  to  say  how  much  or  how  little  is  available  for  the  purpose 
DUdder  consideration,  but  sufficient  has  been  said  to  show  that  the 
quantities  of  which  the  denominator  is  made  up  are  not  definite 
enough  for  calculating  the  age  of  the  Earth.  Nor  does  the  uncertainty 
dnd  here,  for  while,  as  Prof.  Sollas  mentions,  the  outflow  of  the  rivers 
fielding  the  data  relied  upon  forms  only  some  7^  per  cent  of  the 
total  quantity  of  water  being  annually  delivered  into  the  ocean,  there 
is,  besides,  the  fact  that  in  some  of  the  largest  of  these  rivers  having 
their  origin  in  the  torrid  zone,  the  saline  contents,  as  in  the  case  of 
the  Nile,  vary  some  400  per  cent,  in  the  course  of  the  year. 
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ON    THE   CHARACTERS    OF   THE   CARBONIFEROUS    ROCKS  OF 

THE    PENNINE   SYSTEM. 

BY  WHEELTON  HIND,  M.D.,  B.S.,  F.R.aS. 

It  is  a  well'known  and  undisputed  fact  that  the  Carboniferous 
succession  of  the  Midlands  differs  very  considerably  from  that  which 
obtains  in  North  Yorkshire,  Northumberland,  and  Scotland,  and 
the  correlation  of  the  Carboniferous  sequence  in  various  parts  of 
Great  Britain  and  Ireland  has  been  a  matter  of  difficulty  and  dispute. 
A  study  of  the  literature  of  the  subject,  voluminous  and  scattered 
though  it  be,  seems  to  show  one  important  fact,  and  that  is  that 
very  few,  if  any,  of  the  writers  liad  studied  the  succession  in  more 
than  one  or  two  localities,  or  had  given  any  attention  to  the  eTidenee 
afforded  by  paleontology.  To  Yorkshire  geologists,  the  sequence 
of  the  Carboniferous  rocks  in  their  county  should  be  of  the  highest 
interest,  not  only  on  account  of  the  large  number  of  sections  exposed 
in  the  romantic  dales,  for  which  the  county  is  so  justly  famous,  hut 
because  the  change  from  the  northern  to  the  southern  tj'pe  of  strad- 
graphical  succession  takes  place  in  the  county,  and  because,  1  am 
convinced,  an  accurate  knowledge  of  the  geology  and  paleontology 
of  the  Carboniferous  rocks  of  the  West  and  North  Ridings  will  go 
far  to  settle  the  whole  of  the  vexed  question  of  correlation. 

During  the  last  five  years  I  have  published  a  series  of  papers 
on  the  correlation  and  sequence  of  the  Carboniferous  rocks  of  the 
Pennine  axis  and  the  south  of  Scotland,  in  which  the  following  theses 
have  been  developed  : — 

(a)  That  the  differences  in  the  northern  and  southern  types  of 
the  Carboniferous  sequence  is  due  to  conditions  brought 
about  by  the  proximity  of  continental  land  to  the  north 
and  north-east ;  that  the  main  difference  between  the 
types  is  due  to  the  very  much  greater  amount  of  detrital 
material  deposited  as  sediment  in  the  area  occupied  by  the 
northern  type  ;  that  this  area  received  the  muds  and  sands 
brought  do\^Ti  by  a  large  river  and  deposited  out  at  aea, 
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thus  hindering  the  deposit  of  the  non-detrital  but  organic 
limestone,  which  went  on  uninterruptedly  for  a  long  period 
in  the  area  occupied  by  the  southern  type  of  rocks. 

)  That  the  distribution  of  fossils  shows  most  emphatically  that 
the  fauna  of  the  Carboniferous  Limestone  of  the  southern 
type  of  rocks  is  identical  with  the  fauna  of  the  Great  Scar 
Limestone  and  Yoredale  series  of  the  northern  type.  Hence 
the  Yoredale  series  are  the  homotaxial  equivalents  of  the 
upper  part  of  the  Carboniferous  Limestone  **  massif "  of 
the  southern  type,  and  do  not  in  any  sense  overlie  it.  The 
comparative  thickness  of  the  Great  Scar  Limestone  plus 
the  Yoredale  series  and  the  mass  of  limestone  further  south 
further  corroborates  this  view. 

)  That  the  detrital  deposits  of  shales,  dark  limestones,  and 
quartz-grits  which  overlie  the  massif  of  limestone  in  the 
southern  area  are  not  the  equivalents  of  the  Yoredale  series  ; 
that  this  deposit  is  extremely  local  and  lenticular,  and  that 
the  boundaries  of  this  lenticle  can  be  fairly  accurately  mapped 
by  measured  sections,  and  that  the  fauna  contained  in 
these  beds  is  entirely  different  from  that  found  in  the  lime- 
stone massif  below,  and  also  from  that  of  the  Yoredale  series 
of  the  northern  type. 

)  That  many  Genera  and  species  of  Carboniferous  fossils  which 
occur  low  down  in  the  Carboniferous  rocks  of  Scotland 
appear  for  the  first  time  at  higher  and  higher  horizons 
as  the  beds  pass  south,  demonstrating  a  migration  south- 
ward, and  indicating  a  passage  south  of  similar  conditions 
of  environment. 

The  evidence  for  these  theses  is  given  at  length  in  a  paper  by 
lowe  and  myself,  published  in  the  Q.  J.  Geol.  Soc.,  Vol.  LVII, 

and  much  of  it  need  not  be  repeated  here,  but  I  propose  to  briefly 
jv  the  chief  stratigraphical  and  paleontological  facts  on  wlu'ch 

views  are  based. 

lie  southern  type  of  Carboniferous  rocks  is  well  seen  in  the 
inal  mass  of  limestone  which  occupies  parts  of  North  Stafford- 
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shire  and  Derbyshire  forming  the  tectonic  centre  of  the  great  Pennine 
anticlinaL  This  mass,  from  2,000  to  3,000  ft.  thick,  whose  hsM 
has  never  been  seen,  is  practicallj  one  mass  of  limestone,  divided 
by  very  thin  partings  of  shale  into  beds  of  stone,  which  are  occaoon- 
ally  very  thick  and  with  very  obscure  bedding  planes.  In  the  quarry 
opposite  the  High  Tor  at  Matlock  and  at  Coombsdale  the  officers 
of  the  Geological  Survey  describe  a  thin  coal  and  its  underchy  in 
the  limestone.  I  have  been  informed  that  a  piece  of  Stigmaria  was 
obtained  in  the  former  localitv. 

The  upper  part  of  the  Limestone  is  extremely  variable,  being 
thin  bedded,  thick,  and  crinoidal,  massive  and  highly  fossiliferoufl, 
or  even  cherty  at  apparently  the  same  horiiEon  in  various  places. 
But  at  or  near  the  top  is  a  bed  containing  many  rolled  water-worn 
shells  and  pebbles  (?)  of  limestone,  which  is  fairly  constant  over  the 
whole  area.  At  times  the  top  of  the  limestone  series  is  abrupt  and 
sudden,  and  shales  come  on  at  once ;  at  others  there  exists  a  well- 
defined  series  of  passage  beds  of  thin  shelly  limestones  and  shales, 
possibly  a  phase  of  the  rolled  shell  bed,  consisting  of  more  comminuted 
but  less  rolled  shell  material.  In  places  the  upper  30  or  40  ft  of 
this  Limestone  Massif  must  have  been  a  shell  bank,  for  the  limestone 
is  made  up  of  fossils,  many  of  the  shells  being  perfect,  but  others  being 
slightly  eroded  ;  but,  evidently,  from  the  fact  that  all  kinds  of  fossils 
are  present  massed  and  jammed  together,  not  exactly  in  the  place 
where  all  lived,  but  while  there  is  no  doubt  that  some  species  were 
able  to  and  did  live  on  the  bank,  the  shells  of  others  were  washed 
there  by  currents. 

At  Castleton  and  Waterhouses  the  bed  of  rolled  shells  consists 
chiefly  of  fragments  of  Froduclus  giganUus,  but  this  shell  occurs 
again  in  the  next  15  or  20  ft.  which  forms  the  top  of  the  limestone. 
This  line  is  at  once  the  upper  limit  of  the  massive  limestone  and 
of  P,  giganteus,  for  in  this  district  this  shell  does  not  appear  ag»in 
at  any  higher  horizon. 

The  massif  of  limestone  is  succeeded  by  a  series  of  black  shales 
and  thin  limestones,  for  which  I  have  adopted  the  name  Pendle- 
SIDE  Series,  vrith  a  peculiar  fauna  of  Posidanomya  Bechtri,  P.  v)^' 
branacea,  Posuionielia  Imvis,  P,  minor,  Chvtnocardiola  Footiu  Pterwd- 
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iBcten  papyrOfCeus,  Glyphioceras  reticuUUum,  G,  spiraUj  G.  bUingue, 
ad  other  species,  none  of  which  occur  below.  Only  a  few  brachiopoda 
t  the  Carboniferous  Limestone  pass  up  into  these  beds,  but  the 
leculiar  fauna  enumerated  above  recurs  at  various  horizons  in  the 
iiUstone  Grit  series  and  lower  coal  measures.  The  limestones 
lecome  thinner  and  thinner,  and  towards  the  top  of  the  series  sand- 
(tones  and  quartzose  gannisters  appear  in  the  shales,  and  become 
Qore  and  more  pronounced  until  the  Grits  come  on.  So  much  for 
ihe  general  sequence  in  Derbyshire. 

The  sections  from  Pendle  Hill  to  Clitheroe  show  a  sequence 
)erfectly  parallel  to  that  which  obtains  in  Derbyshire.  The  shelly 
ietrital  beds  and  crinoidal  limestones  being  specially  well  marked. 
ITery  fine  and  almost  complete  sections  are  to  be  seen  in  the  Angram 
Ad  Pendleton  Brooks,  and  the  doughs  on  the  west  flank  of  f  endle 
liD.  These  beds  yield  a  typical  fauna,  as  may  be  noted  by  an  ex- 
mination  of  Appendix  B  (page  401). 

The  sections  in  the  Massif  of  limestone  near  Clitheroe  show 
white  massive  limestone  full  of  shell  fragments  or  made  up  of  crinoids 
t  the  top,  while  lower  down,  as  at  Chatburn,  a  series  of  dark  blue 
CQestones  with  their  shale  partings  are  in  evidence.  Further  west 
Jiers  of  the  Limestone  Massif,  consisting  of  tlie  upper  and  fossiliferous 
dda,  protrude  through  the  Pendleside  shales  at  Withgill,  Ashnot, 
►oe  Bam,  Whitewell,  Chipping,  Sykes,  and  Slaidbum,  at  which  places 
[xxl  specimens  of  the  typical  fossils  of  this  horizon  can  be  obtained. 
he  beds  at  Sykes  were  largely  altered  by  vein  stuff,  but  contain 
mpleants  caraUoides  and  Lithostrolion  sp.  The  Pendleside  series 
re  to  be  seen  in  the  brook  courses  and  a  few  quarries  round  these 
iliera  at  Black  Hall  and  Cold  Coates,  S.W.,  and  Thornley  Hall,  south 
[  Chipping ;  the  river  Hodder ;  quarries  below  the  Ix)ngridge  Fell 
icarpment ;  below  Ashnot  Bam  ;  Holden  netir  Bolton-by-Bolland  ; 
creams  at  West  Bradford  and  Grindleton ;  the  river  Kibble  near 
Hinckley  Hall ;  and  the  typical  fauna  of  the  series  has  been  obtained 
t  all  these  localities. 

A  most  interesting  set  of  beds  occur  at  or  about  the  top  of  the 
limestone  Massif,  along  a  line  extending  from  Thornton  to  Bamolds- 
rick.    This  is  an  anticlinal  hill,  a  N.£.  and  S.W.  axis,  the  limestone 
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beds  forming  the  limbs  of  the  anticlinal  b^ng  very  t]iin  and  sepantai 
by  shales,  which,  toward  the  top,  become  fairly  well  developed.  This 
portion  of  the  limestone  is  a  southerly  continuation  of  the  anticlinal 
of  Haw  Bank  and  its  continuation  to  Bolton  Abbey,  and  its  secoDdarr 
folds  round  Draughton.  Here,  the  upper  part  of  the  limestone 
Massif  is  split  up  by  shale  beds,  which  attain  some  little  thickness. 
Sections  at  Rain  Hall  and  Gill  rock  quarries,  Bamoldswick,  show 
this  condition  of  deposit  very  clearly.  Further  aouth-west  a  similar 
set  of  beds  are  seen  in  the  Lancashire  and  Yorkshire  Railway,  one 
mile  north  of  Rimmington  Station,  and  still  further  S.W.  at  the 
large  quarry  two  miles  south  of  Cliipping. 

I  consider  the  beds  along  this  line  to  be  a  local  phase  of  the  cJose 
of  the  limestone  deposit,  probably  due  to  a  current  which  brought 
detrital  sediment  and  deposited  it  in  a  definite  and  strictly  limited 
area.  The  fauna  of  the  shales  intercalated  with  these  limestones 
is  peculiar  and  interesting.  At  Draughton,  in  a  small  quarry  near 
the  railway,  the  sliale^  yielded  a  fine  specie  of  Ctenacanthus  Uhui- 
striatus, 

Tlie  limestones  at  Draughton  yielded  Cardicmorpka  ovala,  and 
the  Rev.  A.  Crofton  tells  me  he  lias  obtained  species  of  Spirifer, 
Product  us,  Philli}ma,  and  Corals  here. 
At  Thornton  Quarries  I  obtained — 

Cladochonus  sp.     Very  frequent. 

PalcBchinus  sphcericus.    Very  frequent. 

Criiioid-stems. 

Conocardinm  Hibemicum. 
The  following  specimens  were  found  at  Rain  Hall  Quarries  :— 

Cladochonus  sp. 

Palcechinus  spfuBricus, 

Criiioid-stems,  three  species. 

Productus  semireticul^tus. 

OrOiotetes  crenistria, 

Athyris  planosulcata. 

Conocardium  aliforme. 

Syringopora  geniculata. 

Zaphrentis  EnniskilUni. 
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The  Chipping  Quarry  also  yielded — 

P<U(Bchinus  sphcBficus. 
Many  Crinoid-stems. 
Chanetes  papilionacea. 
Productus  semireticulatus. 
Productus  longispinvs. 
Spirifer  trigonalis, 
Orthis  Michelini. 
CoeUmautUus  cariniferus. 

This  series  of  fossils  is  altogether  distinct  from  the  fauna  of  the 
Pendleside  series,  but  on  the  other  hand  many  of  the  fossils  obtained 
at  the  top  of  the  Massif  of  Limestone  are  absent  in  these  localities, 
a  fatct  probably  due  to  the  conditions  under  which  deposition  took 
place.  Palcechinus  sphcericus  and  Clculochonus,  so  common  in  these 
calcareous  muds,  are  rare  in  the  limestone  itself.  A  very  similar 
local  deposit  with  a  similar  fauna  occurs  in  the  neighbourhood  of 
Bradboume,  Derbyshire,  also  situated  at  the  top  of  the  Limestone 
liassif. 

I  regard  the  appearance  of  this  set  of  sliales  in  the  massive  lime* 
stone,  so  far  south  of  and  altogether  independent  of  the  Craven  faults, 
as  important.  The  presence  of  this  muddy  deposit  indicates  that 
the  Yoredale  phase  was  not  restricted  by  these  faults,  and  consequently 
{hat  the  faults  could  not  possibly  have  had  any  causal  influence  on 
the  different  character  of  the  deposits  of  the  northern  and  southern 
types.  The  extent  to  which  muddy  sediment  was  carried  out  to  sea 
would  vary  very  largely,  being  affected  amongst  other  causes  by 
currents,  the  formation  of  bars,  and  the  size  and  flow  of  the  river 
bringing  down  sediments.  Consequently,  the  area,  where  a  pure  and 
contiguous  deposit  of  calcareous  ooze  was  going  on,  would  be  liable 
to  temporary  invasion,  resulting  in  a  series  of  shales  becoming  inter- 
calated in  a  limestone  deposit,  the  general  facies  of  the  fauna  remaining 
unchanged. 

Further  north,  the  Limestone  Massif  is  thrown  up  in  the  Craven 
district,  where  it  forms  a  long  anticlinal,  which  has  been  peculiarly 
scarped  into  rounHed  domes,  from  Greenhow  Hill,  on  the  east,  to 
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I'jic  OMngif  OB  ut  vBtf.  Tliii  imftone  k  the  usual  manfe, 
viifie  3:n£.  ^T^cjbed  vitli  ikeOiw  like  that  seen  at  Clitheroe,  ind 
T&e  j:7m  >3kJ  *jcalsieai  %d  Dn^i^vhire  and  Stafiixdshire,  and  moreoTer 
ijL  iiectkai  iaoitt.  It  k  knovn  to  be  overlaid  bj  shales 
Mkck  tsffiocoe  bcfov  Tbtiipeaiid  Ryktone  Fells,  which  contain 
zstt  irncL  IVrfciVaaV  taaoa.  Bat  a  moit  instnictiTe  and  interesting 
jerd:c  »  zo  ht  «m  en  the  sooth  side  of  Dibfaa  Bridge,  about  four 
ewe  :<  GrMMngffi  in  the  Patelej  Bridge  road,  which  is  identical 
zht  9KtKA  ar  the  iixA  ot  the  Winnata,  at  C4ist]etoii,  containing 
a  bfii  wijcfL  Siesrs.  Blames  and  Hoiromi  hare  described  as  a  beach 
bee  Tzaas.  Mazi^  Ge^  Socu  VoL  XXV.,  page  119). 


P'.-iB<    <d    imestooe    with   shell    fragnieuts   and   Produtus 

ihoimieaf.     10  MC 
r-.vi  <d  sbeflr  Emestone  not  much  rolled.    About  10  feet 
^Bed  c<  roBed  sheik.  Imticukr  shell  fragments,  and  rolled 
pieces  ot  Kmestaoe.     4  feet. 
P'.^s  oc  Emestone  with  many  specimens  of  Productus  gigafiUus^ 

•>  feet. 
Hard  bhie  Hmestone.  10  feet. 
The  bed  marked  *  k  quite  undistinguishable  from  the  similar  bed 
at  CastietoD.  1  saw  sereral  samples  of  thk  rock  some  four  miles  further 
west,  on  the  ruid  between  Threshfieid  and  Linton,  and  ThreshfieM 
and  GrassingtoQ.  in  the  stones  piled  for  road-making.  In  this  I  got 
the  peeuhar  dark  masses  of  foraminiferal  limest<Mie  imbedded  in 
white  Hmestone,  which  Measr&  Barnes  and  Hohovd  have  recentl)' 
described.  The  exact  simihTity  of  the  U{^r  beds  of  the  fimestone 
of  Craven  and  Derbyshire  k  very  striking,  and  at  any  rate  points  to 
simikrity  of  conditions  of  deposiL  I  myself  believe  that  the  two 
sets  of  beds  are  on  the  same  horixoiL  and  present  a  well-marked 
stratigraphical  Une.  In  the  Craven  district  the  Pendleside  series 
quickly  thins  out.  so  that  frtmi  A{^>letreewick  to  Greenhow  Hill 
and  for  some  distance  from  Grassington  northward,  the  grits  im- 
medktelv  overKe  the  Limestone  Massif,  and  nowhere  north  of  a  line 
passing  from  ^^ettk  rid  Malham,  to  Hebden  (Wharfedale)  has  the 
Pendleside  fauna  been  vet  obtained,  but  it  occurs  in  the  shales  in  the 
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near  Linton  stepping  stones,  and  in  the  beds  seen  in  the 
between  Bumsall  village  and  the  grits  of  Thorpe  Fell.  North 
Vharfe  I  got  Posidoniella  lasvis  in  shales  near  the  bridge  over 

Gill  and  the  bank  opposite  St.  Michael's  Church,  Linton, 
es  in  the  river  Wharfe,  near  the  stepping-stones  at  Linton, 
Posidonomya  membranacea  in  abundance,  with  remains  of 
Us.  It  has  generally  been  taught  tliat  the  knolls  of  lime- 
i  Craven  are  the  representatives  of  the  Pendleside  Limestone, 
of  the  fact  that  the  stratigraphical  succession  of  the  Thorpe, 
and  Pendle-Clitheroe  districts  are  identical,  that  the  limestones 
eroe  and  Cracoe  are  exactly  similar  in  composition,  and  both 
gether  different  from  the  Pendleside  Limestone,  and  notwith- 
5  the  fact  that  the  faunas  of  the  Clitheroe  and  Cracoe  Lime- 
ire  identical  and  differ  entirely  from  that  of  the  Pendleside 
me,  and  that  the  latter  fauna  is  abundantly  present  in  the 
tries  which  immediately  succeeds  the  limestone  of  the  knolls, 
t  the  knolls  themselves  on  different  horizons,  but  they  belong 
same  anticlinal  fold  cut  int^)  domes  by  small  water  courses 
}  sub-aerial  action  of  water  containing  COg  in  solution,  and 
•e  not  always  weatliered  equally,  by  which  I  mean'  that 
t  posts  of  limestone  are  to  be  seen  on  the  different  hills. 
;ween  Butterhaw  and  Hill  Skelterton  is  a  fairly  large  swallow 

the  upper  part  of  which  is  seen  a  section  of  shales  enclosing 
limestone,  dipping  at  an  angle  that  I  think  quite  sufRcient  to 
Kem  over  the  white  limestone,  but  if  not,  the  true  position 
,ve  been  altered  by  the  undermining  wliich  li:is  occurred  in 
illow.  The  black  limestone  is  crammed  with  Posidonomya 
,  Posidoniella  lavisy  and  Giyphioceras  reiiculatum. 
3  presence  of  the  Pendleside  Limestone  is  tjjus  demonstrated 
he  white  limestone  of  the  knolls,  and  the  closeness  of  the  bed 
wYute  limestone  of  the  swallow  also  shows  the  rapid  thinning 

the  mass  of  slmlcs,  wliich,  at  Pendle  Hill,  separate  the  Pendle- 
nestone  from  the  Clitheroe  Limestone.  This  thinning  away 
^endleside  series  is  borne  out  by  the  presence  on  Simondseat 
ow  holes  in  the  Grit,  which  shows  that  the  limestone  is  no 
istance  below  the  surface.    North  of  Grassington  and  almost 
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as  iar  north  as  RectleveO  the  Giits  repose  oq  the  thick  limesUne, 
showing  that  the  Peodleade  series  has  quite  disappeared. 

Mr.  Ttddeman  quotes  a  cooglonierate  bed  which  he  thinks  has 
been  formed  by  mumrw  of  white  limestone  roiling  down  from  clifii 
or  reets  of  fimestooe  and  becoming  embedded  in  shales  depoatod 
suhiequenthr  round  these  hypothetical  structures.  There  is  a  cnttked 
bed  ol  limestone  which  might  be  called  a  conglomerate  in  a  stream 
section  east  of  Keal  HilL  but  unfortunately  for  this  view  the  maaBes 
of  limestone  are  not  white,  nor  do  they  contain  the  fofisib  of  the  so- 
called  reefs  and  chemical  analysis  shows  that  the  latter  limestone 
contains  97*5  per  cent  of  CaCO,  and  '6  per  cent,  of  silica,  the  Erne- 
stones  in  the  conglomerate  (!)  containing  36*7  per  cent  of  CaCO, 
and  54*0  per  cent,  of  §ilica. 

The  country  between  the  Midland  Railway  and  the  boundary 
of  sheet  60  of  the  one  inch  ordnance  map  is  largely  mapped  as  shales. 
through  which  some  few  intiers  of  limestone  appear.  An  examination 
of  the  area,  the  numerous  quarries,  the  contour  of  the  ground,  the 
absence  of  trees,  boggy  ground  and  streams  point  to  a  far  larger 
area  of  limestone  than  is  ma{^)od. 

Commencing  on  the  west,  the  side  of  the  fell  at  Tosside  shows 
at  the  Rnotts  a  massiye  white  limestone  cropping  out  below  the 
grit  as  a  lenticular  patch,  but,  owing  to  absence  of  stream  sections, 
its  extent  cannot  be  well  traced  downwards.    This  Umestone  is  Utho- 
logically  quite  different  from  the  Pendleside  type,  and  contains  a 
characteristic  Carboniferous  Limestone  fauna. 

Corals. 

Liihostrotion  and  Zaphrenlis. 

Crinoids. 

Chanties  papUianacea, 

Product  us  margaritaceus. 

Productus  giyanteus. 

Glyphioc4r<is  crenistria,  &c.,  &c. 
About  three-quarters  of  a  mile  north  of  this,  in  an  exposure 
behind  the  farm  at  Brockthoms,  is  another  very  interesting  section, 
the  beds  being  almost  horizontal.     This  shows  at  the  top : — 
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Dark  soft  shales,  3  ft. 

Limestone  composed  of  rolled  shells,  corals,  crinoid^, 

and  fragments  of  limestone,  comparable  to  the 

Beach  Bed  of  Castleton,  3  ft. 
Shales,  2  ft. 
Shaley  limestone,  1  ft. 
Shales,  1  ft. 
Thick  limestone,  6  ft.  to  sole  of  quarry. 

At  the  north  end  of  the  quarry  the  middle  beds  are  disturbed 
folded,  but  the  upper  and  lower  limestone  are  not  affected. 

The  fauna  here  is  extensive.  Some  of  the  calcareous  shales 
trammed  with  crinoid  joints  and  fragments  of  Paltechinus.  The 
Y  limestone  contains  : — 

Glyphioceras   crenistria. 

„         sfhcBrictim, 
RhynchoneUa   pleurodon, 
Produdus  giganUus. 

longispinus, 

striatus, 

semireticulattis. 
Chonetes  papilionacea, 
Spirifera  trigonalis. 
lineata, 
glabra. 
Dielasma  sacculus. 
Strophomena  analoga, 
Lithosirolion  Martini. 
Crinoids  sp.   3. 

A  very  noticeable  feature  in  a  rolling  hill  passes  south  from 
quarry  in  the  direction  of  the  Knotts,  which  we  cannot  but  think 
Ates  a  continuance  of  the  limestone. 

About  a  mile  and  a  half  north-west  a  narrow  lenticle  of  lime- 
)  is  mapped.  In  this  occur  an  interesting  series  of  quarry 
yos  showing  a  similar  series  to  the  Brockthorns  quarry. 


»> 


»» 


*» 


*» 


*» 
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TW  qoajTT  at   the  dip  maric«  north  (A  the  word  BoBaidi, 
e»r'«?  the  kJkuviiig  Btqaeoct: — 
Ciuftoid  KmcMooe,  3  in. 
Bbek  shale.  4  in. 
Fiarir  tfirndfied  Kmeatone,  9  in. 
GrpHun.   I  in. 
Book  chalp.  3  in. 
Vaix  imestooe«  3  in. 
i^ri».«lal  Emestone.  2  in. 

B<fcA  shaJfs^  2  ft.  3  in.  with  Praductus  langujnnus, 
rruicvU  fimemooe,  5  in. 
EdkrthT  fimcstone.  2  ft. 
S>[ii  EaMtttone.  15  ft.    Base  not  seen. 
The  !>il<k.^«iii^  tossiks  were  obtained : — 

piicatUis. 
pmneiatmf. 
sem  ireticmlatus. 
:>p4riffnM    tri'jomali*. 
At  Pytuoms.  a  little  more  than  a  \  mile  further  east,  the  con* 
St^.xuenite  Ivd  i.4  Bnx'kt  horns  is  again  seen  crammed  with  rolled 
foaal  d«-hri$  ;&boiit  o  ft.  thick.    This  is  covered  in  bv  a  few  inches 
oit  shjiVe^  while  WIow  is  fairlv  massive  but  well-bedded  limestone,  with 
hands  ot  apparent  brecciation. 

The  tV4lowin2  fti^sils  were  obtained : — 

Crinoids. 
Phiiltpfia    sp. 
Pnniuct us   iii*ja  ntens. 
punctaius. 
Spirifrra  lineaia. 

tflabra. 
Orfhis  resupinata, 

„    Michelini. 
Spines  of  Palachinus. 
Euomphaius  Dianifsii  /• 


»» 
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wo  miles  still  further  east  is  the  quarry  at  Teenly  Bock,  which 
fine  well-bedded  limestone,  the  beds  being  nearly  horizontal, 
ds  the  base  of  the  quarry  is  a  bed  of  oolitic  limestone.  Fossils 
»t  plentiful  here,  but  a  typical  Carboniferous  Limestone  fauna 
i: — 

Productus   gigantsus. 

semiretiaUatus. 

pLicatilis. 

punctatus. 

Spirifera  glabra. 
„      lineaUi. 

Athyris  planastdcata. 

OfihoteUs  crenisiria. 

Orthis  resupinata^ 

Conocardium  aliforme, 

Crinoidal   fragments, 
etween  Teenley  and  Pythoms  thin  limestone  and  shales  are 
n  the  stream  at  Becks  Brow  Bottom,  and  a  sulphuretted 
gen  spring,  indicating  a  roll  and  temporary  disappearance  of 
mestone  from  the  surface. 

ast  of  the  Ribble  is  a  patch  of  country  bounded  on  the  north 
ist  by  the  Hellifield  and  Sldpton  line.  Numerous  dip  marks 
uarries  are  shown,  nearly  all  of  which  show  the  upper  beds 
massif  of  limestone.  The  country  has  a  rolling  domed  contour 
we  have  found  to  be  characteristic  of  limestone  rather  than 
areas,  and  is  moreover  covered  by  stone  walls,  and  ub  treeless 
raterless.  Massive  bedded  limestone  is  seen  in  a  quarry  just 
d  Bell  Busk  station,  and  another  quarry  rather  less  than  ^ 
rest  of  Bell  Busk  viaduct.  This  shows  18  ft.  or  more  of  thick 
rely  bedded  limestone  with  no  shales,  and  yielded  the  following 

• 

Chonetes  papilionacea, 
Spirifera  lineata, 
Syringopora    geniculata, 
Cyaihophyllum  Stutchburyi. 
Crinoidfi. 
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The  Cold  Coniston  limestone  mapped  as  isolated  beds,  regarded 
in  connection  with  the  beds  exposed  in  the  hill  200  yards  west,  are 
evidently  more  extensive. 

This  limestone  occurs  in  a  series  of  domes  or  knolls,  one  of  which 
is  bisected  by  the  Skipton-Settle  road  at  Fogga. 

The  upper  part  of  this  limestone  is  massive,  not  well  bedded, 
whitish  in  colour,  but  the  lower  beds  are  more  regularly  stratified. 
A  fairly  extensive  fauna,  typical  of  the  Carboniferous  Limestone, 
occurs  here. 

Two  hundred  yards  west  is  another  quarry  on  the  south  side 
of  the  road  in  the  side  of  a  large  well-rounded  rolling  hill  The  heds 
are  well  marked,  and  dip  at  30**  N.N.E.,  and  thus  would,  if  pro- 
duced, pass  below  the  limestones  of  Fogga. 

About  30  ft.  of  beds  are  exposed. 

The  following  fossils  were  obtained  :~ 
Productus  semireti/Mlatus. 
Spirifera  glabra. 
Hhynchonella   pleurodon. 

Large  Corals. 
Cyathophyllum  Stutchburyu 
Zaphrentis  cylindrica, 
Tliree-quarters  of  a  mile  further  west,  and  a  little  north,  another 
exposure  is  found  in  a  wood  at  Old  Rock  plantation,  on  the  1  inch 
mapb 

Here  several  feet  of  well-bedded  limestones  covered  by  black 
shales  are  seen  dipping  N.W.  at  15°. 

On  the  rolling  ground  south  of  the  road  are  the  following  sections. 
A  little  more  than  J  mile  S.S.W.,  at  the  word  quarry  on  the  1  inch 
map  is  the  following  section : — 

Hard  blue  limestone.     1  iu 

Hard  nodular  shale  with  crinoids,  Zaphrentis,  and  frag- 
ments of  shells.     12  ft. 
Well-bedded   limestone^ 
Half  a  mile  south-east,  between  the  woods  Camp  and  Hall  Field, 
are  two  exposures  in  the  same  beds,  showing  massive  well-bedded 
grey  limestone  overlaid  by  calcareous  shale& 
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The  limestone  yields  Productus  giganteus,  and  a  very  large  coral, 
)yaihofh^um  Stutckburyu  and  Crinoid  debris. 

The  dip  varjnng  from  10'  to  20**  almost  due  north. 

About  three-quarters  of  a  mile  west  of  the  above,  five  exposures 
tre  seen  in  the  high  banks  of  the  northern  tributary  of  the  Swinden 
Seek.     Both  exposures  have  been  quarried. 

The  most  northern  quarry  shows — 

Shale,  becoming  calcareous  at  base.     (3  ft. 
Hard  compact  limestone.     2  ft.  3  in. 
Earthy  shale.     9  in. 
Hard  limestone,  base  not  seen.    6  ft. 
Talus.     12  ft. 
)ip  a  little  W.  of  N.  10'  to  20*. 

The  middle  quarry  continues  the  section  downwards,  and  shows 
3veral  feet  of  hard  massive  limestone  with  the  large  corals,  Cyatho- 
hyUum  Stutchburyi  and  Zaphrentis  cylindrica. 

The  lowest  quarry  still  continues  the  section  downwards,  and 
lows  a  further  18  ft.  of  well-bedded  thick  limestones  and  no  shales. 

Unfortunately,  a  gap  in  the  sequence  occurs  here,  but  almost 

hundred  yards  south  the  stream  shows  a  succession  of  black  shales, 

le  exact  position  of  which  is  doubtful,  but  a  series  of  dark  limestones 

f  Pendleside  type  occurs  in  them  just  east  of  the  railway  in  Swinden 

ill. 

Further  north  massive  limestone  is  seen  between  the  Craven 
aiilts,  and  is  well  exposed  in  the  scars  of  Afalham,  Settle,  and  Giggles- 
ick.  The  upper  beds  at  Malham  and  Settle  yield  the  usual  rich 
luna  of  the  Carboniferous  Limestone.  No  trace  of  any  interst ratified 
lales  or  sandstones  are  to  be  seen. 

The  shale  series  which  underlies  the  Millstone  Grit  rocks  west 
I  Malham  is  shown  by  its  fossils  to  belong  to  the  Pendleside  series 
3ind  and  Howe,  of  supra,  cit.,  pp.  359,  360),  and  possibly  some  of 
le  shales  immediately  below  the  grits  of  Black  Hill  may  belong  to 
lis  series.  But  there  is  a  thin  limestone  which  is  seen  in  a  stream 
quarter  of  a  mile  west  of  Black  Hill,  which  contains  Productus 
Uissimus,  and  is  therefore  shown  to  belong  to  the  Yoredale  series, 
.t  Clattering  Sykes,  in  Outside  Grizedale,  is  a  spring  which  washes 
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out  numerous  fossiis.  This  water  has  evidently  pierced  a  limeitom 
by  a  swallow,  and  is  thrown  out  by  a  fossiliferous  bed  of  shale  vhidi 
imderlies  it  The  passage  of  the  subterranean  stream  over  the  foasl 
bed  washes  out  numerous  fossils,  amongst  which  are — 

Orthis  Michelini. 

Spirifera   iriqofuUis, 

Athyris  planasulcata. 

OrthoUtes  crenistria. 

ZaphrerUis  sp. 

PlcUycrinus  sp. 

Scaphiocrinus  sp. 
The  faima  in  this  bed  is,  therefore,  totally  different  from  that 
characteristic  of  the  Pendleside  series,  and  demonstrates  that  the 
beds  have  some  relation  to  the  Yoredale  series  of  Wensleydale. 

An  interesting  section  is  seen  in  the  brook  east  of  Scaliber  Force, 
commencing  where  the  road  to  Kirkby  Malham  crosses  the  stream 
by  a  culvert : — 

Sandstone  with  a  curiously  mammillated  under  surbice. 
3  feet 

Sandy  shales,  9  feet 

Hard  quartzose  sandstone,  3  feet 

Black  shales  with  bullions,  20  to  30  feet. 
A  fault  passes  across  the  shales,  and  where  the  shales  are  contorted 
several  masses  of  limestone  occur  with  large  corals,  Productus  gigantm, 
Spirifera  trigonalis,  Athyris  planosulcata,  and  crinoids.  Below  the 
disturbed  shales,  the  stream  section  shows  more  shales  dipping 
regularly  and  not  contorted.  It  is  very  doubtful  indeed  if  these 
fossils  are  in  sitUy  but  the  masses  of  limestone  seem  to  me  to  have 
been  dragged  in  along  the  fault  and  crumpled  up,  as  the  seam  of 
limestone  is  not  apparent  anywhere  else  in  the  stream  section. 

Negative  evidence  is  important  at  this  spot.  Nowhere  is  there  to  be 
seen  between  the  Millstone  Grit  and  the  top  of  the  Carboniferous  lime- 
stone any  beds  corresponding  to  the  Yoredale  series  of  Wensleydale- 
The  western  boundary  of  the  Yoredale  phase  of  Rocks  is  fairly  well 
marked,  the  great  splitting  up  of  the  main  mass  of  limestone  does 
not  seem  to  take  place  west  of  a  north  and  south  line  passing  through 
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iby  Lonsdale,  though  one  well-marked  bed  of  yellowish-white 
stone  is  to  be  seen  in  shales  north  of  Whittington  village.  Unfor- 
itely  no  fossils  were  found  either  in  the  stream  section  or  the  small 
try ;  but  between  this  bed  and  the  Massif  of  Limestone,  in  a  small 
Sim,  a  quarter  of  a  mile  south  of  Sellet  Hall,  a  calcareous  shale  with 
ales  yielded :- 

Athyris  planosulcata. 

Chonetes  Laguessiana, 

Producius  longispinus. 

Pr,  pundatus. 

Spirifera  glabra, 

Sp,  trigorudu. 

Sp.  pinguis. 

EhynchoneUa  pleurodon. 

Edmondia  unioniformis. 

Sanguinolites  striatclamellosus, 

Monticulipora  sp. 

FenesUUa  sp. 

Crinoid-steras. 

A  fauna  with  a  Carboniferous  Limestone  facies. 

The  study  of  the  belt  of  Carboniferous  rocks  deposited  round 

older  rocks  of  the  Lake  District  is  of  interest  and  importance. 

the  eastern  side  the  base  of  the  Carboniferous  rocks  is  seen  in 

neighbourhood  of  Shap,  where  the  basement  beds  have  the 

racter  of  a  conglomerate.    Around  Camforth  and  as  far  east  as 

kby  Lonsdale,  there  is  no  evidence  that  the  Carboniferous  Lime- 

le  is  sub<livided  bv  intercolations  of  shale  and  sandstone,  and  the 

»tone  here  is  at  least  500  feet  thick  ;  but  east  of  Shap  the  lime- 

le  is  split  into  well-marked  beds,  of  which  the  lowest  is  the  Shap 

lestone,  and  the  next  in  series  is  the  Knipe  Scar  Limestone.    The 

5r  yielded  me — 

Lithostrotion  junceum, 

CtfathophyUum  regium. 

Athyris  planosulcata, 

A.  globulina, 

A.  ezpansa. 


■\ 
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Chonetes  papilionacea. 
Ch.  Buchiana. 
Dielasma  hastata. 
Productus  cora. 
Pr.  ^igarUeu^. 
Spirifera  trigonalis. 
Sp.  lineata, 

Syringothyris  cuspidata. 
Orthotetes  crenistria, 
Edmondia  stdccUa. 
Sotenopsis  minor. 
EtLomphaltis  ptntangulatus. 
E,  cirrus, 

Laxonema  sp.  (cast). 
N'aticopsis  plicislria, 
Orthoceras  Breynii. 
Cephalopod  fragments. 

The  lowest  or  Shap  Limestone  yielded  large  masses  of  ChaUUs 
tumiduSy  Cyathopkyllum  regium,  Syringopora  ramulosa,  Chmetes 
papilionaceay  Productus  giganteus,  Spirifera  glabra^  Sp.  jfinguu 
near  Askham  and  Rossgill,  and  plant  remains  near  Shap. 

The  list  of  fossils  given  on  pp.  85-88,  Mem.  Greol.  Surv.,  G«oL 
Country  round  Kendal,  &c.,  is  fairly  long  and  accurate ;  the  nomen- 
clature of  the  lamellibranchs  and  cephalopoda,  however,  needs  re- 
vision, but  it  will  be  sufficient  here  to  point  out  that  Edmondia  stdcata 
and  ProUcanites  compressus,  so  characteristic  of  the  lower  limestones 
of  Scarlet  and  Ballasalla,  Isle  of  Man,  also  occur  here. 

Very  valuable  contributions  to  our  knowledge  of  the  Carbon- 
iferous Rocks  on  the  south  and  east  of  the  I^ake  District,  have  been 
made  by  Mr.  J.  D.  Kendall,  F.G.S.  His  papers  on  the  hematite 
deposits  of  Fumess  and  West  Cumberland,  and  the  Carboniferous 
Bocks  of  Cumberland  and  Fumess,  are  published  in  the  Trans.  N. 
Eng.  Inst.  M.  Mech.  Engineers,  Vols.  XXVIII. ,  XXXI.,  and  XXXI^- 
In  the  latter,  especially,  he  shows  that  the  Carboniferous  Limestone 
in  Fumess,  i.e.,  to  the  south  of  the  Lake  District,  is  almost  undivided 
by  shales,  but  that  as  it  passes  north  shales  and  sandstones  set  in  and 
split  up  the  mass. 
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1  West  Cumberland  he  gives  the  following  section  as  obtaining 
[Jllock  to  Egremont : — 

Ist  or  Langhom  Limestone,  30  to  60  feet. 

Shales,  10  to  14  feet. 
2nd  Limestone,  H  to  24  feet 

Sandstones  and  shales,  40  to  60  feet. 
3rd  Limestones,  10  to  16  feet. 

Shale,  2  to  6  feet. 
4th  or  Clint's  Limestone,  235  to  310  feet. 

Shale  or  sandstone,  14  to  24  feet. 
5th  Limestone,  50  to  70  feet. 

Shale,  sandstone,  or  thin  limestones,  14  to  24  feet. 
6th  Limestone,  54  to  70  feet,  or  105  at  Lamplugh. 

Shale,  thin  and  variable. 
7th  Limestone,  40  to  182  feet. 
Shale. 

Sldddaw  Slate, 
hows  a  proportion,  taking  the  greatest  thicknesses,  of  757  feet 
estone  and  130  feet  of  detrital  rocks. 

during  the  last  few  weeks  I  have  examined  several  quarries  and 

OS  at  Bigrigg,  Yeathouse,  Rowrah,  and  Lamplugh,  and  although 

are  not  very  common  I  obtained  Produdus  giganttus  at  all 

places.     The  Yeathouse  Quarry  gives  the  following  section, 

xls  dipping  west  at  about  20"". 

Limestone  massive,  beds  much  mottled  with 

Produdus  giganteuSy  50  feet. 
Bluish  Limestone  with  peculiar  black  inclusions,  with 
Produdus  giganteus^  30  feet. 

„         semireticulatus, 
Edmondia  sulcata, 
„  Lyelli. 

Solenopsis  minor. 
SoUnomya  primceva. 
Pinrui  flabelliformis. 
Looconema  sp. 
Grey  Limestone,  with  Produdus  giganleus  and  Produdus 
rora,  40  feet. 
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Shale,  2  feet 

Thin  Limestone,  1  foot  6  inches. 

Shale,  4  feet. 

Sandstone,  2  feet. 

Sandv  Shales,  6  feet. 

m 

Shales.  6  feet. 

Limestone,  75  feet. 
In  his  FumesB  paper  (Op.  supra  cit.,  YoL  XXXI.,  page  215), 
Mr.  Kendall  estimates,  from  borings  and  sections,  the  thickneas  of 
the  limestone  in  the  Fumess  district  as  94G  feet,  and  this  mass  contains 
only  about  34  feet  of  interbedded  detrital  rocks. 

Above  the  mass  of  the  limestone  of  Fumess  shales  with  limestones 
are  to  be  found,  and  it  will  be  a  matter  of  importance  to  ascertain 
whether  thev  contain  the  Pendleside  fauna  or  not.  Personally  I  have 
onlv  examined  the  shales  in  the  stream  section  north  of  Borwick  HaE 
A  series  of  sandv  and  muddv  shales  with  sandstones  were  seen,  but 

m  m 

the  only  fossils  obtained  were  fragments  of  plant  remains  and  scales 
of  Megalicth^  HibbertL 

Unfortunately  no  paleontological  evidence  is  mentioned  in  Mr. 
Kendairs  paper,  but  the  important  fact  remains  that  during  the 
deposition  of  the  limestone,  currents  bearing  detrital  mud  and  sand 
did  not  reach  Fumess  to  any  extent,  but  they  did  reach  the  district 
of  West  Cimiberland,  and  caused  the  division  of- the  limestone  into 
distinct  beds. 

The  pkites  of  Mr.  Kendall's  paper,  VoL  XXXIV..  Plates  Xffl. 
and  XIV.,  of  supra  cit.,  are  very  instructive,  the  gradual  change 
of  the  series  being  shown  by  parallel  columns  of  actual  sections,  and 
finally  compared  with  the  section  of  the  Carboniferous  series  at  Wear- 
dale  and  Allen  Head.  The  change  of  the  Yoredale  phase  into  that  of 
the  southern  type  of  Carboniferous  rocks  is,  in  the  West  Cumberland 
and  Fumess  districts,  therefore  demonstrated  to  be  very  gradual  and 
a  comparison  of  figures  representing  the  proportion  of  shale  to  lime- 
stone in  the  Fumess,  Egremont,  and  Alston  Moor  districts  is  very 
instructive. 

The  numerators  represent  the  thickness  of  shale,  the  denominators 
the  thickness  of  limestone  : — 
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Fumess.        Egremont.        Weardale  and  Allen  Head 
34  130  1,602 


1)46  75V  480 

A  comparison  of  these  a*nounts  with  other  sections  (page  443) 
hich  show  the  gradual  change  in  the  Carboniferous  series  as  it  passes 
)rth  from  Wensleydale  to  Scotland,  demonstrates  the  same  gradual 
lange,  and  proves  mathematically  that  the  detrital  rocks  replace  the 
ganic  limestones  to  a  greater  and  greater  extent  as  the  beds  go  north. 

The  Cumberland-Furness  area  is  not,  however,  affected  by  the 
•aven  faults,  which  is  most  strong  evidence  against  the  view  put 
rward  by  Mr.  Tiddeman  to  account  for  the  apparent  sudden  onset 
the  Yoredale  phase  of  deposit  in  Yorkshire. 

A  theory  has  been  advanced  by  him  that  the  change  from  the 
>Tthem  to  the  southern  type  of  the  Carboniferous  succession  was 
rgely  due  to  the  fact  that  the  Craven  faults  were  contemporaneous 
ith  the  deposit,  and  in  some  way  caused  the  damming  back  of  the 
itrital  sediments.  It  is  difficult  to  see  how  this  could  have  been, 
tie  Yoredale  type  of  rocks  is  not  seen  between  the  Craven  faults, 
id  on  the  western  side  of  the  Craven  area  Mr.  Dakyns  says :  "  The 
oredale  type  of  beds  can  hardly  be  said  to  exist  south  of  Kettle- 
eir  (Proc.  York.  Geol.  and  Poly.  Soc.,  1890,  Vol.  XV.,  p.  361). 
.  also  seems  to  me  to  be  the  case  that  the  peculiar  slialey  Ijeds  found 
(tending  from  Thornton  and  Barnoldswick  west  towards  Chipping 
.'e  an  indication  of  the  Yoredale  phase.  Then  we  know  that  the 
ansition  from  the  northern  to  the  southern  type  is  very  gradual, 
ad  that  the  Yoredale  series  becomes  developed  gradually,  and  finally, 
Ithough  Phillips  and  other  writers  never  admitted  it,  the  whole 
arboniferous  series  further  north  takes  on  the  Yoredale  phase ; 
I  fact,  the  Yoredale  series  has  no  true  base,  but  the  base  is  at  a  lower 
ad  lower  horizon  as  the  series  passes  north.  If  Tiddeman*s  view 
'ere  correct,  there  ought  to  be  a  north  and  south  fault  in  Upper 
Hiarfedale  to  account  for  the  change  which  takes  place  from  eaat 
)  west  from  Kettlewell  to  Fountains  Fell.  The  change  of  type  is 
[lere,  but  no  fault  and  no  barrier. 

I  am  unable  to  accept  the  theory  that  the  Craven  faults  were 
ontemporaneous  with  the  deposition  of  the  beds  in  which  the  (a.\iltft 
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occur.  A  glance  at  the  map  will  show  tliat  the  southern  limb  of 
the  fault  faults  limestone  unconformably  against  limestone,  shak 
grits,  and  coal  measures,  and  this  would  surely  not  have  been  the 
case  if  the  faults  had  been  formed  as  the  material  was  deposited. 

In  Wensleydale  the  Carboniferous  succession  is  entirely  diffeient 
from  that  which  obtains  further  south.  At  the  base  there  is  a  mm 
of  limestone  about  500  ft.  thick,  with  a  few  feet  of  basement  con- 
glomerate, resting  on  the  upturned  edges  of  the  older  Paleosoic 
rocks.  This  is  succeeded  by  about  1,000  ft.  of  alternating  shales. 
sandstones,  and  limestones,  the  latter  being  about  six  in  number, 
and  forming  well-marked  features  along  the  escarpments  of  the 
valleys,  and  often  giving  rise  to  waterfalls  in  the  tributary  streams. 
As  the  beds  pass  north  the  lower  undivided  mass  becomes  split  up 
into  beds  by  the  intercalation  of  shales  and  sandstones,  and  becomes 
the  Melmerby  Scar  series.  Coal  seams  are  also  developed  at  seTpral 
horizons.  The  tendency  as  the  beds  pass  north  is  that  detrital  sedi 
ment  increases  and  limestones  thin  out. 

The  most  southerly  point  at  which  any  great  development  of 
these  conditions  occurs  is  in  the  flanks  of  Fountain  Fell,  in  which 
the.  number  of  mappable  limestones  falls  short  of  those  seen  in  Wensley- 
dale. On  Ingleborough  only  four  distinct  beds  of  limestone  are  tc 
be  seen.  The  limestones  of  the  Yoredale  series  are  all  fossiliferous, 
and  Produdus  giijantevs  is  found  in  all  of  them  in  Wensleydale.  The 
intervening  shales  are  often  very  fossiliferous,  and  contain  a  fauna 
very  similar  to  that  of  the  Carboniferous  Limestone. 

The  rivers  in  all  the  great  dales  have  cut  through  the  Yoredale 
series,  and  splendid  sections  of  the  series  are  to  be  studied,  while  the 
collecting  of  fossils  can  be  carried  on  in  the  inten^ening  beds. 

The  top  bed  of  Yoredale  limestone  in  Wensleydale  is  well  seen 
near  I^yburn,  and  yields  a  plentiful  store  of  fish  remains  and  other 
fossils.    Tlie  fish  all  seem  to  belong  to  species  which  are  obtained  in 
the  upper  beds  of  the  Carboniferous  Limestone  massif  elsewhere. 
Psammodus,  Psephoilus,  &q.,  &c. 

The  following  columns  show  in  tabular  form  the  clianges  whicli 
the  beds  of  limestone  undergo  as  they  pass  north  : — 
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I  make  do  attempt  to  correlate  the  va 
can  be  little  doubt  that  the  Main  limeston 
aented  by  the  great  Umeatone  of  Teeadale  a 
b;  the  Drybum  limestone  of  North  Nort 

At  present  there  is  little  or  no  paleont 
definitely  that  any  life  zones  existed  in  the  e 
any  certainty,  the  exact  bed  of  limestone  ' 
definite  band  further  south.  The  limestone 
up  by  masses  of  shale  as  they  pass  north,  a 
and  a  correlation  by  the  numerical  position  • 
count«d  either  from  below  or  from  above,  i 

Mr.  W.  Gunn  has  attempted  a  precis 
stonea  of  Dunbar  and  North  Northumb 
Yoredale  limestones,  but  it  seems  to  me  tl 
of  his  assumptions  is  almost  nit.  The  pret 
garded  as  of  prime  importance  as  a  gtratigra] 
land  and  East  of  Scotland,  but  consider 
in  the  thickness  of  the  purely  sedimentary 
it  is  not  impossible  that  an  oil  shale  was  deri 
in  the  two  fields.  Oil  shales  are  not  unl 
district  at  other  horiEons.  The  Oxford  I 
the  representative  of  the  Hardraw  Scar  Un 
and  Dun  limestones  are  supposed  to  repre 
stone,  but  there  is  absolutely  no  evidence 

In  discussing  the  Carboniferous  sectit 
says :  '  Opposite  Pinkhead  .  .  .  there 
crinital  limestone,  which  seems  most  probab 
Thus  nearly  all  the  lower  limestones  are  dyi 
as  we  proceed  westward,  and  at  Skateraw  r 
between  the  Oxford  and  the  Eelwell  have 
<'raig  the  lowest  Hmestone  is  the  Eelwell 
has  collected  extenuvely  both  from  the  . 
and  from  the  second  limestone  (counting  ' 
has  come  independently  to  the  conclusion 
the  Bame,  because  they  attain  a  umilar  a 
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This  is  important,  but  unfortunately  the  Four  Laws  or  Wood- 
id  Limestone  at  the  Coomb,  south  of  Redesdale,  has  yielded  to  Mr. 
man  and  myself  a  fauna  which  contains  all  the  special  fossils  [lamelli- 
ranchs  and  gasteropoda)  which  have  been  found  at  Lowick.  Now, 
[r.  6unn  places  the  Four  Ijaws  Limestone  much  lower  than  the 
Lere.  Who  shall  then  decide  whether  the  Cat  Craig  Limestones 
re  the  equivalents  of  the  Acre  or  the  Four  Laws  Limestone,  more 
Bpecially  when  it  is  known  that  the  beds  are  undergoing  rapid  changes 
8  they  paas  north  ? 

It  seems  to  me  more  than  possible  that  the  initial  mistake  in  the 
lomenclature  of  the  Yoredale  Limestones  has  been  to  reckon  them 
com  below  upwards.  The  Millstone  Grit  at  the  top  might  have 
leen  taken  as  a  base  line  with  a  good  deal  more  reason  than  the 
ontinually  altering  top  of  the  Great  Scar  Limestone  as  it  becomes 
ipHt  up  by  intercalations  of  shale  to  the  north. 

Perhaps  a  full  and  accurate  paleontological  survey  would  give 
i(xne  more  certain  ground  for  correlation,  though  I  am  bound  to 
ay  at  present  I  have  obtained  no  direct  evidence  to  enable  one  to 
j^roach  the  subject  with  any  degree  of  accuracy.  As  the  beds 
ass  north,  owing  to  the  muddy  sediment  and  the  probable  shal- 
>wing  of  the  sea,  new  forms  of  life  occur  plentifully,  which  were 
ot  met  with  in*  the  massive  limestones,  but  similar  faunas  occur 
gain  and  again  at  different  horizons. 

Professor  Lebour  has  given  some  excellent  lists  of  fossils  from 
ertain  of  the  Northumberland  limestones  in  his  Handbook  to  the 
reology  and  Natural  History  of  Northumberland,  from  which  it 
rill  be  seen  how  very  similar  were  the  faunas  obtained  at  different 
lorijsons.  I  append  lists  of  fossils  which  I  have  obtained  in  the  Redes- 
ale  district  from  the  Redesdale  and  Four  Laws  Limestone  series. 

Professor  Lebour  shows  that  Produdus  gif^anteus  is  found  in 
he  Fell  Top  lamestone  of  Northumberland,  but  at  present  I  have 
lo  evidence  that  this  fossil  occurs  above  the  Main  Limestone  in  Wear- 
lale  or  Wensleydale. 

Last  August  my  attention  was  called  to  a  book  on  *"  The  Laws 
nrhich  regulate  the  Deposition  of  Lead  Ores,"  by  W.  Wallace,  published 
n  186L  In  it  is  a  plate  (Plate  lY.)  which  gives  his  idea  of  the  corre- 
lation of  the  Carboniferous  deposits  of  England. 
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He  coDfliderB  the  Main  Limestone  of  Weardale  and  the  north 
at  the  equivalent  of  the  top  of  the  Mountain  Limestone  of  Derbj- 
shire,  and  shows  the  shales  of  Derbyshire  (the  Pendleside  series)  as 
being  akogether  above  the  Yoredale  aeries. 

In  company  with  Mr.  J.  Barker,  of  Frosterley,  I  examined  the 
Carbooiierous  succession  of  Weardale  where  quarries  extending 
for  miles  on  both  sides  of  the  Wear  are  opened  in  the  ^lain  Limestone, 
and  streams  and  the  Wear  show  sections  from  the  Millstone  Grit  to 
the  Four-fathom  Limestone.  Further  west,  near  Wearhead,  the 
Lower  limestones  and  intervening  beds  are  exposed  down  to  the 
:>car  Limestone,  but  unfortunately  I  had  no  opportunity  to  examine 
these  beds  thoroughly,  and  they  are  not  quarried  to  any  extent 

B<4ow  the  Fell  Top  Limestones,  in  which  I  got  no  fossils,  the 
andstoDes  and  gannisters  were  full  of  plant  remains. 

The  Little  Limestone  is  7  feet  thick,  and  the  following  section 
vielded  the  fossils  enumerated  below :  — 

A   Bed  of  QuaitsQse    Chcmetes  Laguessiana,  Productus  longispinus. 
Sandstone    above        P,  murieatuSy  P.  semireticvlatus,  Spirifer 

omlis.  Orthctetes  crenistria,  Ednumdia 
sulcaiOj  LUhodamus  lingucUis^  BelUrojihcn 
(cast),  Naticopsis  (large  cast),  PhUlipfia 
sp.  (common). 


Little    Limestone, 
Wokingham. 


Pattinsons  Sill  Sand- 
stone. 12  feet. 

Shale,  24  feet.  Full 
v^*  round  black  con- 
cretions at 


little  Limestc4ie,  7  ft 


AthifrU  ambigua,  ChaneUs  Laguessiana. 
Rhynchcndla  trilatera,  Productus  semi- 
reticulatus,  Spirifera  glabra^  Sp,  oralis.  Sp. 
irigonalis,  Spiriferina  octojiicata,  Cyf^i- 
cardelia  afimp,  C.  reciang^ilarh,  BelUroi^ 
Ureiy  Orihoceras  Morrisianum.  Zaf^rtfdn 
sp.,  Oinoid-stems. 

ChaeMes  radians,  Syringopora  geniadcta. 
Cjfathophffilum  sp.  Productus  Imgisjnnui. 
Tooth  of  Cochliodus. 


High   and  Low  Coal 

Silk 
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ut  30  feet    Piscina  nitida,  Produdus  punctatus,  Rhyn- 
iittle  Lime-        chaneUa  pleurodan,   OrthoUtes    crenistria, 

AviculopecUn     sp.,      Allorisma     sulcata, 

Edmondia  unioniformis,  Nucula  gibbosa, 

Nuculana  attenuata,  Protoschizodus  axini- 

formisy  BeUerofhon  decussatus  var.  striatus, 

PUurotomaria    atomaria,    Orthoceras    sp., 

Fenestella  sp.,  Crinoid  ossicles. 

)ove    Great    Athyris  pLanosulcata,  ChoneUs  Laguessiana, 

le.      A  few        Or  this    Mich^liniy    Product  us   laiissimus, 

y.  Fenestella,  and  Crinoids. 

rreat  Lime-    Corals  :  —Lithostrotion  basaltiforme,  Cyatho- 

)  to  70  feet.        phyllum    regium,    Lansduleia  floriformis, 

Clisiophyllum  sp.,  Cliaetetes  radians,  C. 
septosa,  C.  tnmidus,  Pyrgia  sp.,  Syringopora 
ramulosa,  Cladochonus  sp..  Athyris  pLano- 
sulcata,  Dielasma  hastata,  Camarophoria 
crtimena,  Lingula  mytilaides,  Orthis 
Micheleni,  Chonetes  Buchiana,  Produdus 
aculeafus,  P.  cora,  P,  fimhriatus,  P. 
giganteus,  P.  laiissimus,  P.  longispinus, 
P.  punctatus,  P,  sinuosus,  P.  semireticulatus. 
Spirit  era  crassa,  Sp,  lineata,  Sp.  trigonalis^ 
Sp.  distans,  Orthotetes  crenistria,  0. 
crenutria  var.  senilis,  Rhynchonella  pugnus, 
E.  reniformis,  Aticulopecten  caiafus.  Pinna 
fiahelliformis,  Allorisma  sulcata,  A.  mon- 
ensis,  A.  variabilis,  Edmondia  sulcata,  E. 
unioniformis,  Cypricardella  anna,  San- 
guindites  plicatus,  Solencnnya  cosiellata, 
S.  primoBvay  DentcUium  ingens,  Euataphalus 
pentangulatuSy  E,  catillus,  LeveUlia  Puzo, 
Lojronema  sp.,  Macrocheilina  acuta,  Nati- 
copsis  plicistria,  N,  ampliata,  Pleuro- 
tomaria  altavittata,  P.  carinata  Sow.,  BeHe* 
rophon  comuarietis,  Adinoceras  giganteum^ 
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Orikaceras  cinetum,  0.  sulaUumf  Temnip- 
cheilus  pentagomus,  ScUnocheUus  cnssi- 
venter  {/u  PhiUipna  Eichuxddi  Tar.  mucro- 
nmia.  Pkif.lijma  sp..  Gyracantkus  (spineK 
Pfmmmodus  poroms. 
One  pcMC  knovn  at  the  FiosCeriev  marble,  i&  made  up  ci  fine 
ifimineiK  *ji  '.'linopkffUum. 

It  Bttv  he  mnarked  that  the  fauna  of  the  Great  or  Main  lime- 
it'-oe  cc  Weardale  ii  therefore  identical  with  that  of  the  Carboniferoui 
limestooe.  though  containing  aomewhat  fewer  spedes. 

Tbe  ooe  important  ^t  which  the  study  of  the  various  seedoni 
ot  the  Carbooiterous  rocks  given  above  demonstrates,  is  the  rapid 
intrfiit  of  detrital  sedimentarr  deposits  and  the  diminution  of  orguuc 
(kfiaflt  (limestone)  as  the  beds  pass  northwards. 

It  k  fiHUkl  that  pcaccacaDv  no  change  in  the  nature  of  the  deposit 
takes  place  between  Derbvshire  to  Settle  and  the  Craven  district,  but 
from  this  p^int  northwards  the  change  comes  on  rapidly.  The 
nature  of  the  change,  the  substitution  of  sediment  obtained  bj  the 
denudation  of  preexisting  rocks,  for  an  organic  deposit,  due  to  liTing 
things,  points  without  any  equivocation  to  the  cause  of  the  chinge. 
This  was  the  presence  of  continental  land  within  a  very  short  distance 
to  tlie  north  of  a  Hne  drawn  across  Scotland  from  the  Firth  of  Tay  to 
the  Firth  kA  Clvde. 

I  believe  I  am  correct  in  stating  that  the  most  northerly  deposits 
of  Carboniferous  age  in  Scotland  are  to  be  seen  in  the  Pass  of  Brander 
and  near  Innimore  of  Ardtomish,  on  the  mainland  of  Morvera  It 
is  prjlable  that  the  pn'eater  part  of  the  Highlands  of  Scotland  were 
dry  land  during  Carboniferous  times.  The  products  of  Jand  erosion 
are  deposited  out  at  sea  by  the  rivers  which  bring  them  down,  and 
unless  affected  by  strong  local  currents  are  deposited  over  a  more  or 
less  pear  shaped  area,  the  deposit  being  thicker  the  nearer  it  is  to  the 
actual  mouth  of  the  river.  Lighter  materials  are  carried  further  out 
to  sea,  consequently  shales  woukl  be  laid  down  somewhat  further 
from  land  than  sandstones.  The  elevation  of  the  land  above  the  sea 
and  its  consequent  effect  on  the  rapidity  of  the  flow  of  the  denuding 
sti-eams,  will  also  have  an  important  influence  on  the  area  and  nature 
of  the  deposvl. 
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The  Yoredale  series  have  the  following  general  sequence : — 

Sandstone, 

Shale, 

Limestone, 
da  capo,  which  denotes  an  area  of  clear  sea  unaffected  by  sedi- 
t,  invaded  by  detrital  mud  at  first,  and  later  by  heavier  detrital 
1.  Then  a  condition  when  detrital  matter  was  no  longer  carried 
ir  south,  and  a  return  of  a  clear  sea  with  conditions  suitable  for 
environment  of  animals  producing  calcareous  matter.  This 
ige  may  have  been  brought  about  either  by  the  formation  of  a 
which  prevented  the  carriage  of  sediment  to  the  south,  or  an 
lation  of  level  sufficient  to  permit  the  repeated  advance  and 
sat  of  conditions  from  north  to  south  and  vice  versa. 
South  of  Derbyshire  we  know  that  the  Lower  Carboniferous 
B  soon  disappear.  In  South  Staffordshire  the  Coal  Measures 
immediately  on  the  upturned  edges  of  the  older  Palaeozoic  rocks, 
he  Coalbrookdale  coalfield  the  whole  of  the  Carboniferous  rocks 
w  the  Coal  Measures  are  represented  by  about  40  to  80  feet  of 
stone  and  10  feet  of  calcareous  sandstones  and  shales,  and  sand- 
es.  At  Steerawavs,  Hve  miles  further  west,  on  the  S.E.  Hank 
\ie  Wrekin,  the  whole  deposit  is  only  50  feet,  showing  the  rapid 
ning  out  of  these  beds. 

There  is  little  or  no  doubt  that  a  ridge  of  land  extended  from 
to  west  across  England  and  Wales,  and  probably  as  far  as  the 
klow  Mountains,  throughout  Carboniferous  times,  too  narrow 
steep  to  supply  any  amount  of  detrital  sediment,  and  probably 
deepest  part  of  the  Carboniferous  Limestone  sea  in  the  British  area 
a  little  north  of  this  ridge.  This  pre-Carboniferous  ridge,  therefore, 
is  the  south  boundary  of  the  great  Pennine  Carboniferous  basin. 
Of  Carboniferous  deposits  eastward  we  know  little  or  nothing, 
south-east  in  Belgium  the  limestone  is  of  very  considerable 
kness  and  is  undivrided  by  shales^and  sandstones,  and  the  fauna 
ractically  that  found  in  the  limestones  of  Derbyshire,  Clitheroe, 
Joe,  and  Settle.  At  Clavier  and  Vise  the  limestone  is  succeeded 
a  series  of  shales,  black  limestones,  sheets,  and  gannisters 
aining  the  typical  Pendleside  fauna.     On  the  western  side  of 
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the  Pennine  system,  in  North  Wales, 
con^ats  of  1,700  feet  of  limestone,  with  2 
Holywell  shale.  100  (eet,  the  latter  cor 
Pendleside  series.  No  Yoredule  plioae,  t 
are«.  und  it  was  altogether  outside  the 
sandbearing  waters  of  the  north. 

Similarly  the  sequence  in  the  Isle  of 
intcrculated  beds  of  detrital  sediment. 

Poolvash,  Posidonomya  sliales  :  1 
Poolvash  Limestone,  massive,  she 
Well-bedded  Limestones  of  Scarle 
And,  as  has  been  mentioned  above  (page  4 
the  Limestone  is  almost  undivided  by  shall 
west  of  the  inlier  of  the  older  rocks  cons 
between  I-^remont  and  Penrith,  masses  oi 
into  well-marked  beds,  showing  an  appro 
which  characterises  the  whole  of  ihe 
Ingleborough  to  the  centre  of  Scotland, 
Probably,  therefore,  in  point  of  time, 
in  the  Midlands  corresponds  to  the  Calcif 
Carboniferous  Limestone  series  of  Scotia 
aceous.  and  Calcareous  divisions  of  NortI 
Scar  Limestone,  plus  Yoredales,  of  \\'ensle 
in  the  stratification  k  only  what  might  ht 
to  obtain  in  a  marine  urea  liable  to  be  nf 
and  the  two  types  of  rocks  are  essentiall; 
story,  and  require  no  hj-pothetical  barriei 
earth  niovenienlB  to  explain  them. 

The  Pex!>leside  Si 
In  the  north  .Midlands  the  thick  and 
stone  is  overlai<l  by  a  series  of  dark  shales 
limestones.  These  limestones  gradually 
in  the  series,  und  fine  quartioee  or  gam 
plant  remains,  und  an  occasional  marine 
This  series  varies  from  a  few  to  1,. 
formed  t\»e  mam  6\\\)y«t  of   the  ^per 
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ioned  above.  Unfortunately  this  series  was  named  Yoredale  Series, 
was  supposed  to  be  the  equivalent  of  the  Yoredale  Series  of 
leydale,  but  lithologically,  stratigraphically,  and  paleontologi- 
the  two  series  are  quite  distinct  and  are  on  different  horizons. 
The  Pendleside  Series  occupies  a  very  limited  area.     Its  northern 
iary  being  about  a  line  from  Greenhow  Hill  to  Linton  Mill,  then 
ig  west  to  a  point  a  little  south  of  Oiggleswick,  thence  across 
jwer  end  of  the  Furness  district  to  Poolvash,  Isle  of  Man,  and 
to  Co.  Meath,  and  across  Ireland  to  Fovnes  Island,  Co.  Limerick. 
To  the  south  we  know  the  series  is  represented  in  Leicestershire 
few  feet  of  shales,  and  is  absent  along  the  northern  margin  of 
^oalbrookdale  coalfield.    The  series  appears  to  be  represented 
)rth  Wales  by  the  Holywell  Shales.    The  deposit  is  thickest  at 
le  Hill,  and  here  the  greater  thickness  seems  due  to  a  greater 
nt  of  shales  below  the  Pendleside  Limestone,  and  to  the  greater 
^pment  of  the  limestones.    This  is  a  purely  local  thickening,  and 
n  a  few  miles  north,  south,  and  west  of  Pendle  the  deposit  is 
I  thinner,  and  the  limestones  so  much  reduced  that  the  officers 
e  Survey  did  not  think  it  worth  while  to  map  them,  notwith- 
ing  the  constancy  of  the  bed.  even  though  it  was  attenuated, 
he  strong  paleontological  evidence  contained  in  it. 
]'he  characters  of  the  limestones  of  the  Pendleside  Series  are 
different  from  those  of  the  real  Yoredale  Limestones,  both  in 
re,  chemical  composition,  and  fossil  contents.     In  our  paper 
ipra  cit.,  pp.   394-401)  one  of  our  purposes  was  to  show  the 
logical  and  chemical  differences  between  the  limestones  of  the 
eside  Series  and  those  occurring  in  the  dome-shaped  hills  of 
•e-in-Craven,   because   for  some,   to   us,   unaccountable  reason 
,tter  had  been  correlated  with  the  Pendleside  Series,  and  there- 
ctual  details  of  the  real  Yoredale  Limestones  were  not  given  at 
;ime.   It  may  be  stated  here  that  the  Yoredale  Limestones  agree 
iracters  with  the  various  beds  of  tlie  thick  Massif  Limestone. 
Lt  the  base  of  the  series,  a  series  of  passage  beds  containing 
al  shell  material  and  fragments  of  limestone  are  found  in  places, 
hers  shales  seem  to  come  on  regularly  on  the  top  of  the  Lime- 
Massif,  and  elsewhere  evidence  seems  to  point  to  masses  of 
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limestone  being  aMDevhat  irregularly  aumnuded  b;  sha 
upper  Umil  c^  the  eeries  is  not  however  so  clear,  for  towan 
grit  beds  become  stronger  and  better  developed,  and  tb 
fauna  occun  again  and  again  even  aa  high  as  the  Ijower  Coal 
or  Gannister  eeries. 
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Paleontology. 

The  important  evidence  furnished  by  a  study  of  the  paleon- 
>Iogy  of  the  Carboniferous  rocks  for  the  correlation  of  the  series 
I  different  districts  has  been  very  largely  neglected.  The  extensive 
lemoirs  on  the  fauna  and  flora  of  different  districts  published  by 
le  Geological  Surveys  of  other  countries  only  bring  home  to  us 
lore  forcibly  the  utter  dearth  of  any  such  information  in  this  country. 

What  is  wanted  now  is  a  paleontological  survey,  and  this  could 
5  largely  carried  out  by  local  geological  societies.  The  accurate 
entification  of  fossils  is  also  an  important  desideratum.  Many 
)ecies  published  in  lists  have  been  erroneously  identified,  from 
irious  causes,  hence  the  necessity  for  local  sub-committees  to  super- 
Ltend  the  correct  identification  of  specimens. 

A  study  of  the  tables  of  fossils  published  in  the  appendices  A  and 

1  to  our  paper  (Q.  J.  Geol.  Soc.,  Vol.  LVII.)  shows  at  once  that  the 
luna  of  the  Carboniferous  Limestone  is  identical  with  that  of  the 
reat  Scar  Limestone  plus  the  Yoredale  Series,  and  further  details 
ave  been  published  since  in  my  report  of  the  Committee  on  Life 
ones  in  British  Carboniferous  Rocks  (Brit.  Ass.  Rep.,  1901). 

In  the  same  two  papers  it  is  noted  that  there  does  exist  in 

certain  definite  area,  on  the  top  of  the  Massif  of  Limestone,  a 

iries  of  black  limestones,  shales,  and  quartzose  sandstones  (the  Pendle- 

de  Series),  which  contain  a  fauna  peculiar  and  distinct  from  that 

>und  in  the  Carboniferous  Limestone  of  the  Yoredale  Series.     It 

hinted  (pp.  379-401)  that  the  fauna  of  the  Pendleside  Series  bears 

very  striking  similarity  to  that  of  the  Culm  Beds  of  Devonshire 

nd  Europe  ;  a  view  which  I  am  persuaded  will  grow  clearer  as  fresh 

aleontological  evidence  turns  up. 

The  percentage  of  fossils  common  to  the  Yoredale  and  the 
'endleside  Series  is  low  and  practically  the  same  as  that  common 
>  the  Carboniferous  Limestone  and  the  Pendleside  Series. 

By  far  the  greater  number  of  the  Brachiopoda  of  the  Yoredales 
nd  the  Limestone  are  absent  in  the  Pendleside  rocks,  onlv  some 

2  species  remaining. 

The  Actinozoa  are  only  represented  by  a  single  species. 
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The  characteristic  fossils  of  the  Pendleside  Series  are  the  cephalo- 
po:ia  and  lamellibranchs,  several  of  which  appear  to  be  confined 
to  the  series.     I  regard  the  following  species  as  typical  of  the  horizon  :— 

Dtmorf)hocera^  Gilbertsoni, 

D.  Looncyi. 

Gdstrioceras  carhonarinm. 

fr.  Listeri. 

h'lyphioceras  hUingue. 

<mI.  Darts i, 

(wl.  diadema. 

Gl.  reticulatum. 

Gl.  spirale. 

Xomismoceras  spirorbis. 

Orthoceras  Steinhaueri, 
And  the  following  laraellibranchs  :-  - 

Chcenocardida  FootiL 

Posidoniella  lijeris. 

P.  KirkmanL 

P.  minor. 

Posidonomya  Becheri. 

P.  memhranacea. 

f^iopteria  lorifjirosiris. 

Pf^rinoptcten  papyrareus, 

A  viadoj^ecten  prirfenn iy, 
Xot  onlv  is  the  Mollusoan  fauna  of  the  ro?iilleside  S^iiosdilTercut 
from  that  of  the  Yoredales  and  Carbonifeions  Limestone,  but  the 
evidence  afYonled  })v  the  Vertebrate  fauna  is  equally  well  marked. 
Dr.  Traquair  lias  shown  that  two  totally  different  fish  fauna,  an 
upper  and  a  lower,  existed  in  Carboniferous  times.  The  creat 
break  between  these  two  faunas  in  England  comes  on  at  a  line  which 
represents  the  very  topmost  limestones  of  the  Yoredale  Series  in 
North  Yorkshire,  and  the  topmost  beds  of  the  imiestone  massif 
in  South  Yorkshire  and  Derbyshire.  The  Red-beds  Limestone  at 
Levbum  lias  vieldeil  a  verv  rich  fish  fauna  to  Mr.  J.  H(.rne.  and 

•  •  • 

the  niajority  of  the  forms  found  there  occur  also  in  the  upper  part 
of  the  massif  limestrme.  not  r>nly  in  England,  but  in  Ireland.    This 
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le  extended  to  Scotland  comes  at  the  top  of  the  Upper  Limestone 
ries,  and  it  is  here  that  the  great  paleontological  break  occurs. 

I  pointed  out  in  my  paper  (op.  supra  cit.,  page  380)  that  certain 
nera  and  species  are  found  at  much  lower  horizons  in  the  Carbon- 
(TOU8  series  in  the  north  than  in  the  soutli,  and  cited  as  good  ex- 
tiples  the  various  species  of  the  family  Nuculida.  Nuculana 
tenuala  and  Nucula  gibbosa  occur  in  the  Calciferous  Sandstone 
ries  of  Fife,  far  below  the  Hurlet  Limestone  series,  or  the  base  of 
e  Ix)wer  Limestone  series,  and  are  also  to  be  found  recurring  in 
Icareous  shales  as  high  as  the  Upper  Limestone  series.  Nuculana 
tenuata  appears  to  have  come  into  the  area  some  time  before  Nucula 
ibosa.  In  the  west  of  Scotland  these  species  have  not  been  found 
jIow  the  Beith  Limestone  series,  the  equivalent  of  the  Hurlet.  They 
>pear  to  be  absent  in  the  Calciferous  Sandstone  series  of  Eskdale 
id  in  the  Tuedian  series  of  Northumberland,  but  N.  attenuata 
)pears  in  the  Carbonaceous  division,  and  both  shells  are  plentiful 
,  various  horizons  in  the  calcareous  division. 

Still  further  south,  the  lowest  horizon  in  the  Jlden  vallev  at 
hich  these  two  species  have  been  found,  is  the  shale  over  the  Under- 
t  Limestone.  Still  further  south  the  lowest  horizon  for  N,  attenuata 
in  the  shales  of  the  Pendleside  series  at  Whitewell,  while  in  South 
orkshire  Nucula  ijibhosa  has  not  been  found  below  tlie  shales 
»low  the  Third  Grit  at  Eccup  and  Congleton  Edge  (Cheshire),  and 
I  North  Staffordshire  it  occurs  at  one  or  two  horizons  in  the  Coal 
easures.  These  two  species  seem  to  occur  at  higher  and  higher 
Drizons  as  the  beds  pass  south.  We  have  proposed  the  term  IsoDimc 
>r  the  line  drawn  across  the  strata  representing  the  migration  of 
lese  shells,  which  denotes  a  life  zone  due  to  conditions  rather  than 

>  time  (Fig.  2.). 

We  have  pointed  out  that  other  species  and  many  families  appear 

>  have  migrated  slowly  south,  and  for  furtlier  details  would  refer  to 
iges  380-385  of  that  paper. 

The  majority  of  the  lamellibranchs  which  occur  in  the  Calciferous 
andstone  series  of  Fife  obey  the  same  law.  As  I  pointed  out,  this 
iw  obtains  for  byssiferous  as  well  as  for  free  lamellibranchs. 
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Sinc«  TritiDg  my  paper  a  very  interesting  fact  has  been  die- 
covere<i,  which  shows  that  plants  obey  the  same  law.  Mr.  R  Kid- 
Bton  has  deterinined  some  half-dozeo  specimens  of  plants.  obteii»d 
by  Mr.  D.  Tait,  from  the  Pendleside  Series  of  Pendle  Hill  sb 

Asi^rocalamiUs  scTobiculatus, 

LepidtxiendTOR  VeUkevniianum, 
both  of  which  species  occur  in  the  Caiciferous  Sandstooe  Serita  of 
Fife,  and  apparently  in  that  locality  at  that  horizon  only,  and  aleo 
a  number  of  ferns  from  the  Positlonomya  beds  of  the  Isle  of  Man. 
which  he  liad  never  before  met  with  above  the  Cakriferous  Sand- 
stone Series. 


Isodietic  line  for 
JfiKtilaHa  at- 
tenuala,  Kueitia 
gihboaa,  and 
CVmodonfa 


Fig.  2. 

It  is  u  reinnrkable  fact  that  plants  which  occur  very  low  down 
in  the  Carbnniferous  sequence  of  Fife,  should  also  occur  at  a  much 
higher  horizon  further  south.  It  will  be  interesting  to  ascertain 
if  they  occur,  and  nt  what  horiEon  in  the  interi'ening  country. 

The  fmuin  found  in  the  Carboniferous  Limestone  massif  19  [vacli- 
cally  identical  with  that  which  occurs  in  the  Great  Scar  and  Vore- 
dule  Limestones.  Some  few  species  occur  in  the  sliales  separating 
the  limestones  which  have  not  been  found  in  the  limestone.    A  «ry 


rxT 
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natural  state  of  things  for  a  muddy  environment  would  be  extremely 
distasteful,  if  not  fatal,  to  organisms  which  lived  in  a  clear  sea.  I  have 
never  yet  obtained  any  of  tlie  Nucululct  in  pure  limestones,  but  the 
species  of  these  genera  always  are  found  in  muddy  deposits.  Of 
biachiopods,  the  Lingulce,  Discina  niluiay  Orlhis  Michdini,  Chonetes 
Ljoguessiana,  Rhynchonella  trilatera,  Athyris  ambi-gua  were  those 
meet  able  to  live  in  muddy  waters,  and  are  not  commonly  found 
in  pure  limestones. 

Productus    (jitjanteus,     P,    latissimus,    Chonetes    papilionacea, 
and  AmjiUxus  coralloiJes,  and  the  great  majority  of  the  corals  and 
Polyzoa  are  characteristic  of  the  wliole  Carboniferous  Limestone 
series,  in  wliich  mass  of  rocks  1  have  no  evidence  of  life  zones  at  present. 
For,  although  fossils  are  more  numerous  at  the  top,  I  cannot  find 
that  any  species  are  confined  to  any  definite  horizon.     It  is  probable 
that  the  rarity  of  fossils  in  the  middle  and  lower  beds  of  tlie  thick 
massif    limestone    of    the    North    Midlands    is    due    to    tlie    fact 
that   metasomatic  changes  have  obliterated  the  fossils,   but  it  is 
probable  that  a  microscopic  survey  of  the  different  beds  of  the  massif 
might  reveal  some  microscopic  forms  which  had  a  limited  vertical 
distribution.    When   one   considers   the   repeated   changes   in   the 
conditions  of  the  sedimentiiry  deposits  wliich  form   the  Yoredale 
phase  of  the  Carboniferous  rocks,  it  is  a  remarkable  fact  that  the 
Tarious  limestones  and  marine  shales  are  not  characterised  by  definite 
fossils,  but  that  the  faunas  of  similar  deposits  at  several  horizons  are 
identical.    This  condition  of  things  is  doubtless  due  to  the  very 
local  character  of  the  deposit  of  shales,  and  that  the  limestone  fauna 
had  not  far  to  migrate  southward  when  its  present  habitat  was  ren- 
dered unsuitable  for  it  bv  the  incursion  of  muddy  water,  and  con- 
sequently  liad  to  travel  back  a  very  short  distance  to  that  area  when 
muddy  conditions  ceased.    In  other  words  the  Carboniferous  Lime- 
stone fauna  flourished,  as  a  whole,  light  through  the  deposit  of  the 
massive   beds,  and   advanced  north   or  retreated  south  whenever 
clear  conditions  obtained  in  the  area  occupied  by  the  Yoredale  phase 
of  rocks.    Consequently   the   various   limestones   of   the   Yoredale 

• 

Series  contain  the  same  faunas,  and  similarly  the  intercalated  marine 
muds  also  contain  the  same  faunas. 
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on  the  flsh  fauna  of  the  pendleside  llmkstoniis. 
by  edgar  d.  wellburn,  l.r.c.p.e.,  f.r.i.p.h.,  f.g.s.,  etc. 

Introduction. 

Since  the  appearance  of  the  valuable  and  interesting  memoirs 
of  Dr.  Wheelton  Hind,  F.G.S.,  a  great  interest  in  these  limestones 
has  been  aroused  in  Yorkshire  and  elsewhere,  and  the  author  having 
worked  in  and  collected  a  good  number  of  fish  remains  from  these 
rocks,  considers  that  the  Fish  Fauna  of  the  beds  may  prove  of  in- 
terest, especially  as  some  of  the  fish  are  new  to  science,  wliilst  the 
fauna  as  a  whole  is  of  importance  as  bearing  on  the  question  of  the 
stratigraphical   position  of   the  rocks. 

As  a  whole  the  fauna  is  very  similar  to  that  of  the  Millstone 
Grits*  above,  whereas  it  is  very  dissimilar  to  that  of  the  Yoredales 
(Phillips)  of  North-west  Yorkshire,  but  this  is  only  mentioned  here, 
as  it  is  the  intention  of  the  writer  to  discuss  this  question  at  length 
later,  when  he  hopes  to  adduce  facts  strongly  supporting  Dr.  Hind's 
theory  of  the  age  and  position  of  these  limestones. 

Remarks  on  the  Fish  Remains. 

Family  Cladodontid.e. 

Genus  Cladodus 

Cladodus  MiRABiLis  Aga^siz,  1843. 

Several  teetht  of  this  species  have  been  found  in  tlie  black  lime- 
stones at  Crimsworth  Dean,  near  Hebden  Bridge,  Yorkshire. 

Cl-\dodus    sp. 

The  writer  has  found  teeth  of  Cladodus  in  the  Pendleside  Lime- 
stones at  Astbury,  near  Congleton,  Cheshire,  and  others  have  occurred 


•Wellbiim,  Geol.  Mag.,  Dec.  IV.,  Vol.  VIII.,  No.  443,  p.  216,  1901. 
t  Wellburn,  Proc.  Yorks.  Geol.  nnd  Polytec.  Soc,  1901,  p.  175. 
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on  the  fish  fauna  of  the  pendleside  limestones, 
by  edgar  d.  wellburn,  l.r.c.p.e.,  f.r,i.p.h.,  f.g.s.,  etc. 

Introduction. 

Since  the  appearance  of  the  vakiable  and  interesting  memoirs 
of  Dr.  Wheel  ton  Hind,  F.G.S.,  a  great  interest  in  these  limestones 
has  been  aroused  in  Yorkshire  and  elsewhere,  and  the  author  having 
worked  in  and  collected  a  good  number  of  fish  remains  from  these 
rocks,  considers  that  the  Fish  Fauna  of  the  beds  may  prove  of  in- 
terest, especially  as  some  of  the  fish  are  new  to  science,  whilst  the 
fauna  as  a  whole  is  of  importance  as  bearing  on  the  question  of  the 
stratigraphical   position   of  the  rocks. 

As  a  whole  the  fauna  is  very  similar  to  that  of  the  Millstone 
Grits*  above,  whereas  it  is  very  dissimilar  to  that  of  the  Yoredales 
(Phillips)  of  North-west  Yorkshire,  but  this  is  only  mentioned  here, 
as  it  is  the  intention  of  the  writer  to  discuss  this  question  at  length 
later,  when  he  hopes  to  adduce  facts  strongly  supporting  Dr.  Hind's 
theory  of  the  age  and  position  of  these  limestones. 

Remarks  on  the  Fish  Remains. 

Family  Cladodontid.e. 

Genus  Cladodus 

Cladodus  MiRABiLis  Agassiz,  1843. 

Several  teetht  of  this  species  have  been  found  in  the  black  lime- 
stones at  Crimsworth  De^in,  near  Hebden  Bridge,  Yorkshire. 

Cladodus   sp. 

The  writer  has  found  teeth  of  Cladodus  in  the  Pendleside  Lime- 
stones at  Astbury,  near  Ccmgleton,  Cheshire,  and  others  have  (x^curred 


♦  Wellburn,  GeoL  Mag.,  Dec.  IV.,  VoL  VIII.,  No.  443,  p.  216,  1901. 
t  Wellburn,  Proc.  Yorks.  Geol.  and  Poly  tec.  »Soc.,  1901,  p.  175. 
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in  a  band  of  crushed  limestone  at  Burnside  and  Thorpe  Fell,  Yorkshire, 
but  unfortunately  not  in  such  a  condition  as  to  render  the  deter- 
niination  of  species  at  all  certain. 

Family  Cestkaciontid.*. 

(tents  Orodus. 

Orodi's   elong.vtus   Davis  (ex  Agassiz  M.S.),    1883. 

Several  teeth*  have  occurred  in  the  limestones  at  Crimswortli 
Dean,  near  Hebden  Bridge,  Yorkshire,  and  the  writer  has  also  found 
them  in  the  limestones  at  Astbury,  near  Congleton,  Chesliire. 

Family  Acanthodid,«. 

(tENUS  Acanthodes. 
Acantiiodes  sp. 

The  writer  lias  found  specimens  of  Acanthodes  in  the  limestones 

at  Astbury,   near  Congleton,  Cheshire,  and  also  at  Pule  Hill,  near 

Marsden,  Y'^orkshire,  but  the  state  of  preservation  of  the  specimens 

was  not  such  as  to  render  the  determination  of  species  at  all  certain. 

Family  DiPLACANTHiDiE. 
(J^:^'^s  Marsdenus  gen.  nov. 

(reneric  characUrs  : — Body  fusiform,  laterally  compressed.  Fins, 
especially  the  caudal,  well  developed.  Teeth  in  the  form  of  bnwd 
based  blunt  cones,  confluent  at  the  base.  Clavicular  bones  strongly 
developed.  Fin  spines  robust,  the  pectoral  one  being  much  elongated, 
remaining  ones  broad,  robust,  and  ornamented  with  well-marked 
longitudinal  ridges  ;  two  dorsal  fin  spines,  the  posterior  being  longer 
than  the  anterior.  Several  scutes,  or  free  spines,  on  the  ventral 
aspect.     Scales  minute. 

Note. — The  wTiter  has  long  had  specimens  of  this  genus  in  lusj 
cabinets,  but  a  detailed  description  has  only  now  been  rendered 
possible  by  recent  finds.  The  name  is  taken  from  the  locality  where 
the  type  was  found,  viz.,  Marsden,  Y''orkshire. 

Type  :    Author's   col. 

Loc^ality  :   Pule  Hill,  near  Marsden,  Yorkshire. 

*  W'ellburn,  op.  cit. 
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IISDEN'IUS    SUMMITI,    Sp.    nov. 

Type  :    Imperfect   fish,   author's  col. 

Tlie  best  specimen  (the  type)  is  in  a  limestone  nodule.  It  sliows 
sh  of  about  10  cms.  in  length  ;  the  caudal  and  ventral  regions  are 
I  shown,  but  the  liead  being  crushed  back  on  to  the  dorsal  region 
J  portion  of  tlie  fish  is  not  so  well  shown.  The  body  is  fusiform 
1  laterally  compressed.     Of  the  fins,  the  caudal  is  strongly  developed, 

lobes  being  prominent  and  well  marked  ;  the  pectoral,  ventral, 
1  anal  fins  are  fairly  well  seen  and  appear  to  have  been  well 
eloped.  The  dorsal  fins  are  not  seen  here,  but  another  specimen 
ich  shows  their  fin  spines  points  to  the  fact  that  the  postcjrior 

was  the  larger  of  the  two.  All  the  fins  are  covered  with  scales 
lilar  to  those  on  the  body,  but  smaller,  and,  with  the  exception  of 
'  caudal,  all  are  provided  with  spines.  In  posititm  the  anal  fin 
?lo8e  t<^  the  caudal,  the  ventral  being  about  one-third  nearer  the 
toral  than  the  anal.  The  pectoral  fin  spine  is  the  largest  and 
St  elongated  ;  the  ventral  spine  is  about  half  the  length  of  the 
toral ;  the  anal  rather  smaller  than  the  ventral  :  the  posterior 
"Sal  about  the  size  of  the  ventral  :  whilst  the  anterior  dorsal  spine 
>nly  about  half  the  size  of  the  posterior.  On  the  ventral  surface 
the  fish  are  several  very  small  recurved  free  spines.  The  pectoral 
ne  ap|)ears  to  have  been  smooth,  with  the  exception  of  a  single 
>ove  which  runs  parallel  with  its  anterior  bonier.  The  spine 
slightly  curved  ;  the  remainder  of  the  spines  are  straight,  robust, 
d  ornamented  with  well-marked  longitudinal  ridges,  which  have 
'  following  arrangement  : — ^The  anterior  one  or  two  are  more 
ongly  marked  than  the  others,  and  run  parallel  to  the  anterior 
'der,  whilst  the  more  posterior  ridges  run  longitudinally  in  a 
lewhat  irregular  manner,  gradually  ccmverging  towards  the 
re  strongly  marked  anterior  (mes.  The  body  is  covered  with 
es,  which  are  very  minute,  and  the  superficial  ornamental  layer 
ing  been  most  removed,  the  scales  mostly  appear  smooth,  but 
?  and  there  the  sculpture  can  be  seen  by  the  aid  of  a  powerful 
It  is  as  follows  : — On  the  principal  flank  the  scales  are  sculptured 
1  deep  grooves  which  traverse  the  scale  in  an  anterior-posterior 
etion,  pjirallel  with  the  superior  and  inferior  borders,  the  scale 
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surface  being  divided  into  a  number  of  wide  rounded  ridges,  and 
tlie  grooves  cutting  deeply  into  the  posterior  margin  gives  it  a  scalloped 
appearance.  On  the  posterior  flank  the  scales  appear  to  have  been 
smooth.  The  head  bones  are  not  well  seen  in  any  specimen,  but 
what  evidence  there  is  shows  that  they  were  of  the  ordinary  Acan- 
thodian  type.  The  bones  of  the  shoulder  girdle  were  strongly 
developed,  and  are  very  similar  in  form  to  those  of  Parixius. 

Form  and  Loc. :  Pendleside  Limestones,  Pule  Hill,  near  Marsden, 
Yorkshire. 

Marsdenius  acjuta  sp.  nov. 

Type  :    Portion  of  fisli,  author's  col. 

There  are  several  specimens  of  this  fish  in  the  authors  cabinets. 
They  show  the  same  general  characters  as  the  last  of  the  type  species, 
but  a  much  smaller  fish  is  indicated  ;  the  type  specimen  would  point 
to  a  fish  of   about  7  cms.  in  length.    The  fish  differs,  however, 
from  the  last  species  in  the  character  and  ornamentation  of  its  fin 
spines,  and  also  the  sculpture  of  its  scales.    The  pectoral  fin  spines 
are  more  elongated  and  slender  ;  they  gradually  taper  to  a  fine  point, 
and  have  a  groove  and  ridge  running  parallel  to  the  anterior  border. 
The  other  spines  are  similar  to  those  of  the  last  species,  with  the  ex- 
ception that  the  ridges  which  sculpture  the  spines  are  relatively 
much  finer  and  more  numerous  and  run  in  a  more  irregular  manner. 
The  clavicular  bones  are  very  strongly  developed,  and  one  specimen 
in  the  author's  collection  is  of  great  interest,  as  it  shows  the  form 
and  characters  of  the  mandible,  with  its  dentition.     The  mandible 
is  very  similar  in  its  general  characters  to  that  of  the  fish  Acanlho- 
(laps is  Wardi  Egerton  of  the  Coal  Measures.     The  dentition  consists 
of  well-marked,   blunt,   broad,  low  cones,  confluent  at  their  bases. 
The  scales  are  very  minute,  and  here  and  there  a  scale  sculpt\ire 
of  very  fine  transverse  striae  may  be  made  out  by  the  aid  of  a  poweriul 
lens. 

The  name  "acuta*'  is  given  to  the  fish  on  account  of  the  pointed 
character  of  its  pectoral  ^n  spines. 

Form  and  Loc:    Pendleside  Limestones,  Pule  Hill,  near  Marsden, 
Yorkshire. 
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Marsdexius  sp.  I 

The  author  has  collected  and  seen  specimens  of  this  genus,  but 
Unfortunately  not  in  such  a  condition  as  to  render  the  determination 
of  species  at  all  certain,  from  the  Pendleside  Limestones  of  the  following 
localities,  viz.: — Pule  Hill,  Marsden,  Yorkshire ;  Dane  Valley,  Staffs, 
(half  a  mile  above  the  bridge,  and  immediately  below  the  Kinderscout 
W  of  the  Millstone  Grits). 

Remarks : — The  above  specimens,  in  certain  characters,  appear 
to  indicate  that  the  species  is  new,  but  the  writer  deems  it  better 
to  wait  for  more  perfect  specimens. 

Remarks  on  the  genus  Marsdenius  : — From  the  foregoing  re- 
marks it  will  be  seen  that  the  conformation  of  the  mandible  and 
the  character  and  arrangement  of  the  teeth,  and  also  that  of  the 
pectoral  fin  spines  of  Marsdenius  is  very  similar  to  that  of  Acantho- 
dopns  Wardi  Egerton  of  the  Coal  Measures,  Avhereas,  on  the  other 
hand,  the  general  characters  and  arrangement  of  the  fin  spines  as 
a  whole,  and  the  great  and  characteristic  development  of  the  clavicular 
bones,  also  the  scutes  or  ventral  free  spines,  strongly  ally  the  fish 
to  many  of  the  Diplacanthidse,  and  this  being  so  the  author  has 
ventured  to  place  the  genus  in  that  family. 

Family  RHizoDONXiDiE. 
Genus  Rhizodopsis  Young,  18GG. 

Rhizodopsis  sauroides  Williamson,  1837. 

There  are  several  fragmentary  specimens  of  this  fish  in  the 
collections  of  Mr.  Barns,  F.G.S.,  Higher  Broughton,  Manchester, 
and  also  in  that  of  the  author. 

Loc. :   Pule  Hill,  Marsden,  Yorkshire. 

Genus  Strepsodus  Young,  186G. 

Strepsodus  sauroides  Binney  sp.,  1841. 

Fragmentary  remains  in  the  collections  of  Mr.  Barns  and  the 
author. 

Loc.:    Pule   Hill,    Marsden,    Yorkshire. 

N 
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Family   CoELACANroiDiE. 
Genus  Coelacanthus  Agassiu,  1844. 

C(ELACANTHUS    HINDI    Sp.     nOV. 

Type  :    Portion  of  fish,  author's  col. 

The  specimen  shows  several  of  the  bones  of  the  head  and  tk 
anterior  portion  of  the  body.  Of  the  head  bones  most  are  seen  from 
the  inner  surface,  but  they  appear  to  have  been  omaniented  with 
ridges,  which  run  more  or  less  parallel  to  the  borders  of  the  bones. 
On  the  operculum — which  is  half  as  high  as  broad — there  is  an  in- 
dication of  faint,  more  irregular  ridges  and  granulation  between 
the  principal  ridges,  whilst  on  the  jugular  plates  the  ridges  appear 
to  have  run  in  a  fairly  regular  manner.  The  latter  element  (jugular) 
gradually  tapers  anteriorily  to  a  fine  point.  Behind  the  operculum 
are  a  number  of  long  slender  rays,  which  are  probably  the  remains 
of  the  pectoral  fin.  Further  back  are  a  number  of  neural  spines, 
which  show  the  usual  characters  of  Coelacanthus.  Well-marked 
and  characteristic  branchiorStegal  rays  (detached)  are  also  shown. 
The  body  is  covered  with  large,  much  rounded  scales,  the  posterior 
or  exposed  portion  of  which  is  ornamented  in  a  highly  characteristic 
manner,  with  strongly  marked  ganoine  coated  ridges,  which  run 
in  a  very  regular  manner  in  half  circles  parallel  to  the  rounded  posterior 
border. 

Remarks  : — The  form  and  very  striking  ornamentation  of  the 
scales  are  so  dissimilar  to  that  of  any  known  coelacanth  that  I  treat 
the  fish  as  new,  and  propose  the  specific  name  Hindi,  after  Dr. 
Wheelton  Hind,  F.G.S.,  of  Stoke-on-Trent,  on  account  of  the  very 
valuable  work  which  he  has  accomplished  in  respect  to  the  Pendleside 
Limestones.  Mr.  J.  Ward,  F.G.S.,  who  has  seen  the  specimen, 
also  regards  it  as  new. 

Loc.:    Bank  of  River  Hamps.  near  Waterhouses,  Staffs. 

Family   PALiEONisaOiE. 
Genus   Elonichthys  Giebel,  1848. 

Eloniciithys   obliquus   Wellburn 

There  are  many  more  or  less  imperfect  specimens  of  this  fish 
in  the  author's  collection,  but  as  the  type  was  found  in  the  Mill- 
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me  Grits,  he  purposes  to  describe  it  later,  along  with  some  other 
w  fishes  from  these  rocks. 

Loc.:    Pule  Hill,  near  Marsden,  and  Todmorden,  both  in  York- 
ire. 

LOXICHTHYS   AITKENI   Traquair. 

Fragmentary  remains  of  this  fish  have  been  found  in  the  following 
calities  : — Pule  Hill  and  Crimsworth   Dean,   both   Yorkshire. 

LONICHTHYS    sp.  ] 

One  nodule  in  the  author's  collection  shows  a  mass  of  scales 
a  small  Palcponiscid  fish  which,  from  the  general  characters  of 
e  scales,  should  be  placed  in  this  genus,  but  on  account  of  the  small 
;e  of  scales  it  is  very  difficult  to  make  out  their  sculpture,  and  so 
say  anything  definite  about  the  species.  By  the  aid  of  a  powerful 
IS  the  following  ornamentation  may  be  made  out  on  some  of  the 
*ger  flank  scales,  viz.:  There  are  many  closely-arranged  fine  ridges 
striae  which,  commencing  at  the  superior  border,  run  down 
e  scale  parallel  to  the  anterior  border,  then  turning  above  the 
terior  inferior  angle,  they  sweep  across  the  scale  towards  the  posterior 
rder,  which  is  entire.  Some  of  the  smaller,  presumably  posterior 
,nk  scales,  are  smooth. 

Remarks. — The  scale  sculpture  appears  to  differ  from  that 
any  known  species,  but  it  seems  to  be  better  to  defer  the  deter- 
nation  of  species  until  later,  in  the  hope  that  better  specimens 
ly  be  found. 

Loc. :   Pule  Hill,  Marsden,  Yorkshire. 

Genus  Rhadinichthys. 

Some  small,  more  or  less  smooth,  scales  I  place  in  this  genus 
>m  their  general  resemblance  to  the  smoother  scales  of  the  fish 

lADINICHTHYS    MONENSES    Egerton. 

Loc.:    Dane  Valley,  Staffs. 

Genus  Acrolepis. 

JROLEPIS    HOPKINSI   McCoy. 

Fragmentary   remains. 

LoCi:  Crimsworth  Dean  and  Pule  Hill,  Yorkshire ;  Dane  Val!f  \, 
iffs. 
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FaBOLY  PLATYSOBODiE. 

Genus  Platysomus. 

The  writer  has  in  his  collection  a  scale  which  he  found  in  a  lime 
stone  nodule  at  Whitewell,  near  Clitheroe,  which  certainly  belongs 
to  the  above  genus.  The  scale  is  high,  narrow,  with  a  well-developed 
articular  peg  ;  in  fact,  in  general  form  and  characters  it  very  closely 
resembles  many  of  the  upper  and  lower  flank  scales  of  Pl4itysmui 
fasteri  Handk.  and  Atthey,  of  the  Coal  Measures.  The  sculpture 
consists  of  fine,  regular,  closely-arranged,  oblique  ridges. 

I  cannot  conclude  without  expressing  my  thanks  to  Dr.  Wheelton 
Hind,  F.G.S.,  and  Mr.  Barns,  F.G.S.,  for  having  granted  me  the 
privilege  of  examining  the  specimens  in   their  collection?. 
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on  the  genus  cxelacanthus  as  found  in  the  yorkshire  coal 
measures,   with  a  restoration  of  the  fish. 

by  edgar  d.  wellburn,  l.r.ap.e.,  f.r.i.p.h.,  f.g.s.,  etc. 

Introduction. 

The  author  having  collect^  a  very  large  number  of  specimens 
of  these  fishes  from  the  Yorkshire  Coal  Measures,  many  being  nearly 
perfect,  whilst  several  of  the  species  are  new  to  science,  he  thought 
that  it  might  be  of  interest  to  place  on  record  the  result  of  his  finds, 
especially  as  they  have  enabled  him  to  complete  a  restoration  of 
the  fish,  showing  nearly  the  whole  of  its  anatomy  ;  and  it  is  further 
worthy  of  note  that  one  of  his  specimens  shows  the  internal  skeleton 
of  the  lobe  of  the  pectoral  fin,*  and  enables  him  to  confirm  Dr.  A. 
Smith  Woodward's!  description  of  the  anatomy  of  this  fin,  and  this 
is  of  particular  interest,  as,  besides  the  author's,  there  is  only  one 
other  specimen  from  the  Talbragar  Beds  (Jurrassic  ?),  New  South 
Wales,  which  throws  any  light  on  this  interesting  and  important 
point. 

General  Anatomy  of  the  Fish. 

Form  and  Proportions. 

In  form  the  fish  is  deeply  and  irregularly  fusiform.  Of  the 
total  length  the  head  occupies  one-fourth,  the  body  two-fourthj?, 
and  the  tail  the  remaining  fourth.  The  greatest  depth  of  the  body 
is  at  a  point  immediately  posterior  to  the  first  dorsal  fin,  the  depth 
here  being  about  one-fourth  the  total  length  of  the  fish. 

Head.— External  Anatomy. 

The  head  is  peculiarly  characteristic  in  form,  one  of  the  chief 
peculiarities  being  the  slope  of  the  cranial  roof  bones.    The  cranial 

♦Wellbuni,  Geol.  Mag.,  Dec.  IX.,  VoL  VIII.,  No.  440,  p.  71. 
t  Woodward,  A.  S.,  Mem.  Oeol.  Survey  of  New  South  Wales,  Pala^ontolog}■ 
No.  9,  1895. 
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I'oof  is  divided  into  a  posterior  or  parieto-occipital  (Pa.)  and  an  anterior 
or  frontal  (Fr.)  portion.  These  meet  at  an  obtuse  angle.  The  parieto- 
oe<;ipital  moietie  runs  parallel  to  the  base  of  the  skull,  whilst  the 
frontal  runs  downwards  to  the  snout,  which  is  blunt  and  rounded, 
but  none  of  the  many  specimens  examined  by  the  writer  show  any 
of  the  sutures  by  which  this  ethmoidal  (E.)  region  was  probably 
subdivided. 

The  parieto-occipital   region   comprises  a   pair  of   large   bones 
(Pa.),  the  parietals.    These  meet  in  the  middle  line,  and  are  flanked 
postero-externally  by  a  pair  of  triangular  bones  (Sq.),  which  appear 
to  represent  the  squamosals  fused  with  the  post  temporals.      The 
frontal  region  comprises  a  pair  of  long  narrow  bones,  which  are 
divided  down  the  middle  line  by  a  suture,  and  are  flanked  on  each 
outer  margin  by  a  series  of  quadrate  membrane  bones — the  para 
frontals  (Pa.  Fr.) — whilst  on  each  side,  immediately  posterior  to  the 
transverse  suture  which  divides  the  bones  of  the  cranial  roof,  are 
two   small  bones — the   posterior  frontals  (P.F.).       The  orbit   was 
large,   prominent,  and  surrounded  by  a  ring  of  delicate  sclerotic 
plates,  and  was  situated  at  a  point  about  the  junction  of  the  anterior 
and  middle  thirds  of  the  length  of  the  cranial  roof.     Above  are  the 
para  frontals  ;  in  front  there  is  a  triangle-shaped  bone  which  probably 
represents  the  fused  anterior  frontal  and  anterior  orbital  (A.O.) ; 
behind  there  is  an  irregularly  shaped  bone — the  posterior  orbital 
(P.O.).     On  the  cheek,  behind  and  below  the  latter  bone,  there  are 
two  triangular  shaped  elements,  which  appear  to  be  the  equivalent 
of  the  cheek  plates  of  Megalichthys  and  Rhizodopsis,    The  upper- 
most of  these  two  plates  (X  and  XM  is  deeply  triangular,  and  about 
twice  the  size  of  the  lower  one.     From  the  anterior  border  of  the 
larger  cheek  plate  (X),  commencing  at  a  point  a  little  above  its  an- 
terior inferior  angle,  a  long  narrow  sub-orbital  element  (S.O.)  runs 
forward  below,  then  circling  upwards  in  front  of  the  orbit,  joins 
the  cranial  roof  bones  above,  whilst  below  this  latter  a  long  narrow 
bone,   ornamented  on   its  external  surface,   runs  straight  forward 
to  the  snout,  from  a  point  at  the  anterior  inferior  angle  of  the  upper 
cheek  plate.    This  latter  bone  (Mx.)  is  considered  by  Zittel  and  Reis  to 
be  the  palatine,  but,  as  pointed  out  by  Huxley,  "  it  has  more  the 
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appearance  of  an  external  element.''     Again,  in  the  author's  collection 
there  are  specimens  which  to  him  prove  that  the  bone  was  external 
and  that  it  is  the  maxilla.     Of  the  premaxilla  (P.Mx.),  its  characters 
are  somewhat  doubtful,  as  it  is  not  well  shown  in  any  specimen, 
the  head  here  being  generally  seen  in  a  crushed  condition.     The 
mandible  is  well  seen  in  many  specimens,  both  in  situ  and  detached. 
Its  structure  is  somewhat  complex,  and  it  consists  of  the  following 
parts,  viz.,  the  greater  portion  of  each  mandibular  ramus  is  formed 
by  a  long,  narrow,  articulo-angular  element  (Art.  An.),  ornamented 
on  its  external  surface  ;    its  inferior  margin  is  nearly  straight,  its 
superior  arched  in  advance  of  the  articular  facette,  behind  which 
there  is  a  short  extension.    A  small  toothless  dentary  element  (D.) 
meets  this  in  front,  reaching  to  the  symphysis,  and  bounded  below 
by  a  thin  infradentary  (I.D.).     A  long,  deep,  lamina  sphenial  bone, 
tapering   in   front,  but  with  a  straight  dentigerous   border  in  the 
greater  part  of  its  length,  is  opposed  to  the  dentary  and  articular- 
angular  on  their  inner  face,  this  forming  the  wall  of  a  vacuity  existing 
between  the  upper  portion  of  the  two  outer  elements. 

The  branchio-stegal  apparatus  is  represented  by  a  pair  of  large 
opercular  (Op.)  bones,  which  fill  in  a  more  or  less  triangular  space 
between  the  parietals,  the  cheek  plates,  and  the  shoulder  girdle. 
and  by  two  elongated  jugular  (J.)  plates  which  fill  in  the  space  in 
the  gular  region  between  the  mandibular  rami. 

Internal  Cranial  Anatomy. 

The  chondrocranium  is  extensively  ossified,  but  there  is  no 
interorbital  septum,  and  the  base  is  formed  by  a  long  slender  para- 
sphenoid  bone,  which  exhibits  a  spatulate  expansion  anteriorily. 
The  hyomandibular  and  pterygo-quadrate  arcade  are  fused  into 
a  continuous  triangular,  lamelliform  bone  on  each  side,  articukting 
with  the  hinder  portion  of  the  cranium  above,  and  is  below  provided 
with  a  ginglymoid  condyle  for  the  articulation  of  the  mandible. 
The  bone  terminates  in  an  attenuated  angle  in  front,  and  its  superior 
portion  inclines  inwards  to  form  the  roof  of  the  mouth.  This  surface 
is  finely  granular,  whilst  the  outer  surface  is  smooth.  In  front  of 
|.he  pterygo-quadrates  are  a  pair  of   small  palatine  bones,  and  in 
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ivance  of  these  is  a  large  robust  azygous  element,  which  probably 
presents  the  coalesced  vomers.  Its  surface  is  covered  with  numerous 
lall  tubercules,  which  form  a  dense  rasp-like  surface.  (This  is 
3II  seen  in  one  specimen  in  the  author's  collection.) 

Dentition. — One  detached  sphenial  bone  shows  on  its  upper 
•rder  a  few  irregularly  arranged,  detached,  low,  blunt,  ill-defined 
ivations,  which  may  possibly  have  had  a  dentary  function,  but 
th  the  exception  of  the  rasps  of  granules  mentioned  above,  the 
•iter  has  seen  no  evidence  of  teeth  in  these  fishes,  and  he  considers 
to  be  highly  probable  that  these  rasp-like  surfaces  constituted 
eir  dentition,  at  any  rate  in  the  Coal  Measure  species. 

Ceratohyals. — ^These  were  robust  and  connected  on  each 
le  to  the  hyomandibular  by  elongated  elements,  which  probably 
present  the  stylohyals. 

Branchial  Arches. — There  are  about  five  on  each  side,  which 
e  delicately  and  deeply  channelled  on  the  hinder  aspect,  as  in 
ilypterus.  Each  arch  consists  of  a  pair  of  much  arcuated  elements, 
hilst  a  single  large  copula,  with  a  spatulate  hinder  extremity,  unites 
1  the  lower  extremities  of  the  arches  in  the  median  line. 

Axial  Skeleton. — The  axial  skeleton  extends  beyond  the  caudal 
1  to  form  a  supplemental  caudal  fin.  The  notochord  must  have 
«n  persistent,  as  its  situation  is  always — so  far  as  the  writer  has 
en — represented  by  a  blank  space.  Reis,*  however,  mentions 
.rpocentra  as  occurring  in  C,  hdssioe.  The  neural  arches  are  slender, 
id  the  two  halves  of  each  arch  are  firmly  joined  to  the  neural  spines, 
hich  are  long  and  slender.  The  haemal  arches  are  similar  to  the 
)ural,  but  in  the  abdominal  region  their  appended  spines  are  short 
id  rudimentary,  whilst  posteriorily,  in  the  caudal  region,  they 
rrespond  in  development  to  the  neural  spines. 

Body. 

The  body  is  covered  with  deeply  overlapping  cycloidal  scales, 
le  exposed  posterior  portion  of  which  being  ornamented  with 
moine,  whilst  the  anterior  covered  portion  is  smooth,  and  shows 
le  concentric  lines  of  groth. 

•  Die  Ccelacanthinen — Palceontographica,  Vol.  XXXV.,  1888. 
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The  Lateral  Line  is  venr  rarely  seen.  It  probably  runs  (as 
shown  by  Rets* )  from  a  point  near  the  junction  of  the  claTicle  with 
the  supra-claricular  bone  to  a  point  well  back  on  the  body  prolonga- 
tion of  the  caudal  fin. 

Pectoral  Arch. — The  membrane  bones  of  the  shoulder  girdle 
are.  ahhough  slender,  always  conspicuous,  and  seem  to  have  been 
covered  by  the  skin.  There  are  a  pair  of  long,  slender,  gently  curved 
cb violes  (CL ).  which  exhibit  a  robust  post-clavicular  process  (P.CLPr.). 
They  articulate  above  with  a  small  supra-clavicle  (S.Cl),  while  a 
k>ng.  slender  infra-clavicle  (I.CL)  overlaps  its  lower  spatulate  extremitv. 
Tlie .  latter  element  curves  sharply  forwards  and  inwards,  termi- 
nating in  a  triangular  expansion  where  it  meets  its  fellow  of  the 
<>ppa6ite  side  in  a  median  suture. 

Flns. 

The  paired  fins  are  well  developed  and  obtusely  lobate. 

Pectoral  Fix. — A  specimen  in  the  writer  s  collection  sliovrs 
that  the  internal  skeleton  of  the  lobe  of  this  fin  consists  of  several 
superficially  ossified  basal  supports  (Ba.S.),  which  are  jointed  at 
their  pn>ximal  extremities  to  the  post-clavicular  process  (P.CLPr.), 
whilst  distally  each  is  opposed  to  the  proximal  ends  of  one  or  more 
of  the  dermal  ra\-s  (D.R.)  of  the  supports.  Tlie  anterior  four  are 
elongjued  and  more  or  less  uniform  in  thickness.  The  fifth  is  men 
h<Hir^lass-shaped.  while  the  sixth  is  more  robust  and  widely  ex 
|\4nded  distally.  The  dermal  rays  of  the  fin  increase  in  length  fron; 
the  anterior  U^rder  to  the  middle  of  the  lobe,  whence  thev  decrease 
Kiokwards,  and  finallv  become  extremelv  fine.  All  the  ravs  an 
slender  and  cK^selv  articulated  distallv. 

Pelvic  Fins.— These  fins  are  supported  by  a  pair  of  basiptervgii 
uVx.  4K  having  the  following  characters,  viz.,  distally,  when 
thev  wouM  ji^in  the  ba;sal  supports,  they  are  broad  and  expanded 
the  pn^xinial  half  form  a  thin,  more  or  less  triangular  expansion 
the  ex|xinsion  being  strengthened  by  three  thickenings,  one  bein| 
central  and  two  latenil.  while  springing  from  the  centre  of  the  boni 
are  two  inwardly  directed  preoesses  which  are  loosely  apposed  ii 

*Op.  eit. 
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le  middle  line.  The  lobe  of  this  fin  is  always  (as  far  as  known) 
tpresent^  by  a  blank  space,  the  baseoets  having  been  destitute 
,  or  very  slightly  ossified.  The  dermal  rays  are  similar  in  character 
•  those  of  the  pectoral  fin. 

Unpaired  Fins. 

With  the  single  exception  of  the  first  dorsal,  the  fins  are  lobate, 
le  lobe  being,  however,  more  acute  than  that  of  the  paired  fins. 

First  Dorsal  Fin. — This  fin  shows  no  lobation  as  its  dermal  rays 
•e  opposed  (as  is  well  shown  in  a  specimen  in  the  author's  collection)  by 
leir  proximal  ends,  to  the  upper  surface  of  a  stout,  well-ossified 
lonost  (Ax.  1),  whose  upper  end  is  somewhat  expanded,  whilst  its 
war  is  forked.  The  dermal  rays  are  more  robust  and  fewer  in 
inaber  than  those  of  the  other  fins,  but  otherwise  they  show  similar 
laracters. 

Second  Dorsal  Fin.— This  fin,  as  well  as  the  anal,  has  a  forked 
:ono6t  (Ax.  2),  which  is,  however,  less  robust  than  that  of  the  first 
)rsal,  and  each  fin  is  (as  mentioned  above)  somewhat  acutely  lobate, 
le  lobe  showing  as  a  blank  space  in  the  fossil  state,  the  baseosts 
iving  been  unossified,  or  very  slightly  so.  The  dermal  rays  of  both 
18  are  similar  in  characters  to  those  of  the  paired  fins.  In  position 
le  first  dorsal  fin  is  opposite  to  the  space  between  the  pectoral  and 
antral  fin,  the  second  dorsal  opposite  to  the  space  between  the  ventral 
id  anal  fins  ;  the  latter  fin  arises  close  to  the  caudal. 

Caudal  Fin. — This  fin  is  always  a  conspicious  feature  of  these 
shes  ;  it  is  composed  of  a  strongly-developed,  symmetrical,  principal 
a  (C  F),  and  a  small,  feebly-developed,  supplemental  one  (S  C  F). 
he  principal  caudal  is  supported  above  and  below  by  a  series  of 
ng,  slender  interspinous  bones  (I.S.),  which  equal,  and  are  directly 
)posed  to,  the  blunt  distal  extremities  of  the  neural  and  haemal 
)ines  of  the  axial  skeleton.  A  single  stout  dermal  ray  is  connected 
ith  the  distal  end  of  each  of  these  elements  by  an  overlapping 
•ticulation.  The  sparse  dermal  rays  of  the  supplemental  caudal  fin 
jpear  to  be  in  direct  contact  with  the  spines  of  the  axial  skeleton. 

Swim-Bladder. — In  the  abdominal  region  of  these  fishes  the 
«ified  air  or  swim-bladder  (S.W.)  is  always  a  conspicious  feature  ; 
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it  was  of  large  sixe,  extending  from  a  point  immediately  posterior  to 
the  pectoral  fins  to  a  point  a  short  distance  anterior  to  the  anal  fin. 
It  sometimes  shows  a  single  anterior  aperture,  by  which  its  internal 
cavity  communicated  with  the  oesophagus.  Its  walls  are  formed  of 
a  longitudinal  series  of  large,  imbricating,  bony  laminae,  composed 
of  superposed  lamellse.  The  inner  face  exhibits  (as  pointed  out  by 
Von  Zittel),  and  as  shown  by  specimens  in  the  author's  collection, 
a  large  reticulating  rugae,  very  similar  to  the  network  (made  known 
by  Owen)  in  the  lung-like  air-bladder  of  the  recent  fish  Pdyptens, 
and  it  appears  to  the  writer  to  be  highly  probable  that  the  air-bladder 
of  Ccelacanthus  played  a  similar,  if  not  identical  part  in  the  economy 
of  the  fossil  fish  to  that  played  by  the  lung-like  air-bladder  of  the  recent 
fish,  and  this  seems  to  be  rendered  more  certain  when  we  studv  the 
life-history  of  the  fishes,  as  both  seem  to  have  thrived  best,  and  to 
have  been  most  plentiful  under  the  same  muddy  surroundings: 
again  it  appears  likely  that  the  air-bladder  of  Coelacanthus,  as  well  as 
Pdypierus^  was  able,  under  certain  dried-up  conditions,  to  perform 
for  the  time  being  the  functions  of  a  lung. 

Distribution  and  Range. 

Ca'lacanihus  has  a  very  wide  distribution  in  the  Yorkshire  Coal 

Measures,  being  found  in  nearly  all  the  fish-bearing  localities;  in 

fact,  it  is  bv  far  the  most  characteristic  fish  in  these  Measures.   It 

has  a  range  from  the  Halifax  Soft  Bed  Coal  at  the  base  of  the  Lower 

Coal  Measures  to  the  Stanley  Scale  Coal,  one  of  the  uppermost  beds 

in  the  Middle  Measures,  i.e.,  to  one  of  the  uppermost  coal  seams 

found  in  Yorkshire. 

Remarks. 

The  vast  number  of  specimens  which  have  enabled  the  writer 
to  complete  the  restoration  have  been  mainly  found  in  the  cannel 
coal,  at  Tingley,  near  Leeds,  where  the  fish  was,  until  quite  recently. 
found  in  great  abundance  and  perfection,  but  now,  unfortunately, 
ow'ng  to  the  non-working  of  the  cannel  coal  in  this  loc^ility,  specimens 
are  not  to  be  found. 

Another  point  may  be  mentioned  here,  viz.,  that  the  Yorkshire 
Measures  have  yielded  eleven  different  species  (see  table  of  distribution). 
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A  STRIATE!)  SURFACE  AT  SAND6ENI). 
BY  JOHN  W.  STATHER,  F.G.S. 

{Retui  Nortmber  UM,   1901.) 

Though  glacial  beds  cover  the  solid  rocks  of  the  Yorkshire 
ci^ist  from  Redcar  to  Bridlington,  glaciated  surfaces  are  rare.  This 
arises  from  the  texture  and  comparatively  soft  nature  of  the  Jurassic 
and  Cretaceous  strata,  of  which  East  Yorkshire  is  built  Hard  bands 
di\  however,  occur  here  and  there  in  the  Oolitic  beds,  and  in  two 
kK^iities.  Filey  and  Robin  Hood*s  Bay,  striated  surfaces  have  been 
i^Kserved  upon  them.  The  object  of  the  following  note  is  to  record 
an  additional  looalitv. 

* 

Sandsend  is  a  small  fishing  village,  picturesquely  situated  on 
the  Yorkshire  coast,  two  and  a  half  miles  north  of  Whitby,  at  the 
p^Mnt  when^  the  Sandsend  beck  enters  the  sea.  South  of  the  beck, 
the  high  cHfls  overlooking  the  sea  are  for  the  most  part  composed 
v^*  boulder  clay  and  gravel,  and  there  is  evidence  that  in  the  neigh- 
Unirhix^  of  I'lwping  the  drifts  fill  in  a  pre-glacial  valley,  believed 
by  Mr.  ii.  Barrvw  to  be  the  pre-glacial  channel  of  the  Esk.  North 
iMt  the  beck  the  high  groimd  consists  of  Jurassic  rocks  covered  bv 
drift.  These  beds  are  well  exposed  on  the  coast,  and  can  also  be  seen 
in  the  series  v^*  i^  quarries  connected  with  the  abandoned  Sandsend 
,-ihim  works.  Thn>ughout  these  old  workings  the  "  Dogger " 
l\4ite  ■*  very  variable  bed)  overlies  the  alum  shale,  and  is  repre- 
:5ent<\i  by  a  cx>nspicuous  band  of  evenly-bedded,  hard,  ferruginous 
SAU^Uti^ne,  thirty  feet  thick,  fiaggy  towards  the  bottom,  but  massive 
auvi  exceedingly  hard  at  the  top.  The  boulder  clay  which  overlies 
the  ^  I\^:^r  '  is  eight   feet  thick,  and  is  of  the  usual  East  Coast 

In  iVtoher.  IS^i^,  the  drift  sections  exposed  along  the  edge 
v^  tht^se  oki  qiurries  were  e3Cimined  by  the  writer,  and  at  a  point 
vAx^rkvkini  the  ~  IVep  Gn>ve "  quarry,  250  feet  above  ordnance 
tiaium.  itxiioatixMis  i4  a  glaciated  surface  were  seen.     A  few  square 
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'ards  of  the  upper  surface  of  the  "  Dogger "  sandstone  had,  for 
ixiarrpng  purposes,  been  cleared  of  its  covering  of  drift,  and  on 
:lie  hard  sandstone  surface  thus  exposed  striae  and  other  indications 
>f  glacial  action  were  clearly  visible.  One  slab  of  rock,  about  a  yard 
square,  washed  clean  by  the  rain,  showed  the  striae  particularly 
well,  and  the  whole  of  the  adjacent  surface,  so  far  as  it  could  be  seen, 
had  the  rounded  and  smoothed  appearance  peculiar  to  glaciated 
rook.    The  direction  of  the  stri»  was  35  degrees  west  of  north. 

Other  Ix)Calities. 

Perhaps  it  may  be  of  interest,  in  connection  with  the  above 
note,  to  recall  a  few  particulars  regarding  the  striated  surfaces 
previously  recorded  on  the  Yorkshire  coast. 

In  1891  Mr.  G.  W.  I^amplugh  recorded  striae  on  the  south  side 
of  Filey  Car  Naze.     Direction  of  stri»,  20  degrees  east  of  north. 

In  1896  Messrs.  Sheppard  and  Muff  described  a  striated  surface 
at  Robin  Hood's  Bay.     Direction  of  striae,  exactly  north. 

In  1896  the  writer  recorded  a  large  striated  surface  at  Filey 
on  the  north  side  of  the  Car  Naze.  Direction  of  striae,  24  degrees 
east  of  north. 

Striated  Surfaces  on  the  Yorkshire  Coast. 


t 

I<ocality. 

Height  above  O.D. 

Direction  of  Striie. 

Sandsend    {8    miles   K.  W.    of 
Robin  Hood's  Bay) 

250  feet. 

3iV  west  of  uorth. 

Robin   Hood's   Bay  (W  miles 
N,X,W.  of  FUey) 

400  feet. 

Exactly  north. 

Fn-EY       

40  feet. 

24^*  oast  of  north. 

Inferences. 

From  the  above  it  will  be  seen  that  the  direction  of  the  strice 
varies  with  the  locality  in  a  very  signific^int  way.  And  the  variation 
b  the  more  remarkable  when  it  is  remembered,  that  at  each  of  the 
three  localities  the  direction  of  the  ice- flow,  as  shown  by  the  markings, 
is  from  a  quarter  that  is  now  the  open  sea  ;  and  that,  although  the 


Ase 
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adjacent  kiid  seems  to  have  had  some  influence  in  deflecting  the 
movement,  the  course  of  the  main  ice-stream  has  heen  almost  parallel 
to  the  coast,  and  therefore  transverse  to  the  slope  of  the  land.  Ibis 
direction  would  have  heen  impossible  unless  the  North  Sea  basin 
had  been  choked  with  ice  to  a  level  somewhat  higher  than  thnt  of 
the  adjacent  shore&  It  is  clear  from  the  stris  that  the  general 
flow  has  been  southward  along  the  sea-floor,  but  with  a  constant 
tendency  to  creep  in  westward  upon  the  coast.  It  is  also  clear  that 
the  upland  buttress  of  the  Oolitic  rocks,  which  has  its  eastern  comer 
(»n  the  coast  at  Whitbv.  has  caused  the  ice-flow  to  swerve  through 
an  angle  of  60  degrees  in  rounding  it. 

These  conclusions  are  strongly  confirmatory  of  the  views  as 
to  the  *  Elast  British  "*  ice-sheet  which  Mr.  Kendall  has  deduced. 
from  the  study  of  the  glacial  marginal  phenomena  of  the  interior 
of  the  Oolitic  uplands,  views  which  are  too  well  known  to  this  Society 
to  need  recapitulation  here. 
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NOTES  ON  THE    IGNEOUS   ROCKS  OF  THE    ENGLISH  LAKE  DISTRICT. 
BY   ALFRED  HARKER,    M.A.,    F.R.S.,    F.G.S. 

I.— The  Ordovician  Volcanic  Series. 

This  series   is  divisible   stratigraphically  and   petrographically 

to  several  distinct  groups,  the  distribution  of  which  in  the  district 

s  been  indicated  by  Mr.  Marr.* 

(a)  Falcon  Crag  Andesite  Group, — These  rocks  are  found  chiefly 
in  the  country  south  of  Keswick  and  eastward  to  the  St. 
John's  Vale.  They  are  pyroxene-andesites,  and  thin  slices 
show  under  the  microscope  sometimes  h3rpersthene  (con- 
verted to  bastite),  sometimes  augite,  sometimes  both.  To 
the  eye  the  rocks  are  pale  greenish  to  dark  grey,  with  a 
compact  ground-mass,  usually  containing  scattered  minute 
porphyritic  felspars,  or  more  rarely  abundant  crystals  up 
to  J  inch  in  length.  Many  of  the  flows  are  amygdaloidal. 
Thei*e  are  rare  flows  of  more  basic  lavas,  besides  some  tuffs. 

(6)  Eycott  and  Ullswater  Basalt  Group, — The  most  widely  dis- 
tributed group  of  all.  The  basalts,  like  the  andesites,  often 
contain  altered  hypersthene  ;  they  are  sometimes  rather 
rich  in  magnetite,  but  olivine  does  not  occur.  These  rocks 
are  usually  darker  and  denser  than  the  andesites,  but  a 
discrimination  is  not  always  possible  in  the  field.  Part 
of  the  rocks  are  porphyritic,  and  in  some  there  are  con- 
spicuous crystals  of  felspar  (bytownite  or  labradorite)  which 
on  Eycott  Hill  reach  a  diameter  of  an  inch  or  more.  Amyg- 
daloidal varieties  are  found.  Basic  tuffs  are  sometimes 
intercalated  among  the  lavas,  and  in  some  places  there  are 
andesitic  flows  included  in  this  group. 

(c)  S caw  fell  Tuff  and  Breccia  Group,  with  Kentmere-Coniston 
Slate-Band. — This  group  presents  itself  under  two  different 
phases.     (1)  In  the  central  mountains  it  consists  mainly  of 

•  Proc.  GeoL  Assoc.,  1900,  Vol.  XVI.,  pp.  453-459,  with  map  (Plate  XIII.) 
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are  microspherulitic ;  some  show  partial  replacement  by 
secondai y  quartz.  In  places,  and  especially  at  Great  Yarlside, 
nodular  varieties  occur,  the  nodules  often  being  one  or 
two  inches  in  diameter  and  sometimes  six  inches.  They 
represent  large  spherulites  (and  probably  in  some  cases 
lithophyses),  which  have  been  greatly  altered,  the  original 
structures  being  obscured  or  obliterated,  and  the  spheru- 
lites partly  or  wholly  replaced  by  quartz  and  other  substances. 
In  places  there  is  a  considerable  thickness  of  tuffs  and 
breccias  at  the  base  of  the  rhyolite  group.  These  frag- 
mental  accumulations  are  not  all  of  acid  composition,  and 
they  differ  from  the  tuffs,  &c.,  of  the  Sea wf ell  group  in 
containing  sometimes  a  certain  amount  of  detrital  material, 
chiefly  sand-grains ;  while  some  beds  again  are  calcareous 
tuffs. 

II.— -Intrusive  Bocks,   Older  Suite. 

The  rocks  included  here  are  closely  associated  with  the  Volcanic 
lies,  and  probably  belong  to  the  same  great  period  of  igneous 
ivity,  though  their  intrusion  succeeded  the  extrusion  of  the  volcanic 
ks.  The  age  of  the  intrusions  is,  however,  a  matter  of  inference 
her  than  demonstration,  and  much  more  information  is  desirable, 
is  at  least  certain  that  a  considerable  number  of  the  rocks  are 
er  than  the  epoch  of  the  principal  crust-movements. 

a)  Granophyres,  The  Ennerdale  and  Buttermere  granophyre, 
occupying  a  considerable  area  on  the  west  side  of  the  dis- 
trict, is  a  pink  fine-textured  rock  with  indistinct  quartz- 
grains  and  crystals  of  felspar.  Thin  slices  show  it  to  consist 
mainly  of  micropegmatite.  There  are  chloritic  pseudomorphs 
after  augite  and  biotite.  A  number  of  smaller  intrusions 
of  granophyre  (moet  of  them,  if  not  all,  augitic)  occur  in 
the  district.  Some,  such  as  that  of  Blea  Crag,  Langstrath- 
dale,  contain  small  garnets.  The  well-known  Armboth 
and  Helvellyn  dykes,  also  gametiferous  in  places,  are  micro- 
spherulitic rocks,  with  porphyritic  crystals  of  quartz  and 
felspar  which  serve  as  nuclei  for  the  spherulitic  growths. 


•1    Ji  iiiiBiiii  I. — A  «»2^ai2n  rock  at  this  tjpe  forms  two 

as  taie  i»c  ct  Sc  John  8  Tale,  and  is 

ii  a  finMcxtured  grey  rock 

jtattgicd  throng  it     These 

•3I  faaodie  are  ako  prasmt,  and  the 

ff  laif  r>3ek  ii  a  ■icfocrvnalinc  aggregate 

IT  umr^  umt  ^"^f**^     SnalEr  intnaioiis  of  nucrpgiaiiite. 

parts  of  the  di£ 


are  included 
X  u  JLawrfv  poMihir  to  draw  anr  hoe 


mn  MK^iLiL  TOis  zz^str  afii  aad  the  subacid  rocks.  Dykes 
M£aL  mSm  MTf  moMi  as  auieimjf  IcucaEties^  and  occasionally 
Tum  x^mrDAz-  ^nsrmkmt  *e,^.  Wansielli.  The  rocks 
Acv  31  luwvr  ^amarkahie.  Saal  crrstak  ci  qaarti  and 
•piipi*  arv  "raimt  s  a  <«3aipKt  grrr  or  pink  ground-mas. 
w^urfL  Tmher  ^t  ^aacroacope  wat  be  either  microcnrstaUine 
ir  rryyjgrirariliw       'Re  iemymagnrsfin  dement^  which 

3iiaT  he  baome  or  aomecimes  augite. 

r  r«A-«— «KF  /r  T'^MtJRf. — T^at  <&mbatioo  ot  these  rocks  is 
s^n&Tiffiicy  .aiai£:a2eii  :c  ihe  «'i«okeical  SarreT  Map.  Tliey 
?:nL  iT£f»  aad  sll&  aai  exsrepckaalhr  a  smaD  boss  (e.g.. 
CjtsQif  BfthL  K-spv^k .  TSej  are  mosthr  ordinary  dolerites 
wjsk^icn  :tiT-jif.  :neE  •^:oskierahhr  akered  with  production 
:c  :^'r.<af.  Jn:.  UiisiJiT  ihej  appesar  in  the  field  as  dull, 
iark-.'vti:<ir<!iL    sua^tizi    10    nne-^jained     rocks,    without 

k  !>»  Castle  Head  rock,  howerer 
aocrl-es.  and  i$  in  places  micaceous. 
5*ts'*r  J*juflr;>f#  jr-  ^imjfcf-rnc»ri>5, — ^Tbese  rorks  are  of  fimitet 
iascr.rcnstrcL  fcrsiizo:  irreeniar.  sheet-hke  or  laccoHtic  masse 
as  Lizzjt  K.!>x?  aad  Great  Gxkup  in  the  Skiddaw  Shi 
arra.  Tbfj  havie  Keen  dcseribed  as  homhlrade-picrit 
.kTii  are  btti«.rk.  latfcer  coarsehr  crrstalfine  rocks,  compos 
=i*^y  ot  br-rabifttle-  Thin  sHces  rereal  spots  whi< 
rc'^^KT   rweesent  destroyed  ohTineL 
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III.— Intrusive  Rocks,  Younger  Suite. 

Tlie  granites  of  the  Lake  District,  with  their  related  dykes,  are 
e  referred  to  the  Old  Red  Sandstone  period  or  to  the  interval 
wing  the  Silurian,  and  their  intrusion  seems  to  have  been  con- 
ed in  some  way  with  the  crust  movements  which  have  imparted 
:;u]iar  character  to  the  district. 

)  Granites. — ^There  are  three  considerable  masses  of  granite,  and 
these  present  very  different  petrographical  characters.  The 
Skiddaw  granite  is  seen  in  three  distinct  areas,  which  are 
inliers  probably  of  a  large  concealed  mass.  In  the  southern 
area  (in  Sinen  Gill),  and  the  middle  and  largest  one  (in  the 
Caldew  Valley),  the  rock  is  a  biotite-granite,  with  only  oc- 
casionally a  little  white  mica  ;  in  the  northern  area  (near  the 
junction  of  Grainsgill  with  the  Caldew)  both  micas  are  essential 
constituents.  The  normal  rock  is  a  medium-grained  granite 
of  light  grey  colour.  In  Grainsgill,  however,  it  gives  place  to 
a  greisen,  composed  essentially  of  quartz  and  white  mica. 
The  Eskdale  and  Wastdale  granite  is  a  moderately  coarse 
rock,  either  reddish  or  grey,  with  dark  mica  only.  In  thin 
slices  it  is  found  that  microline  and  microperthite  often  play 
an  important  part,  and  in  some  varieties  of  the  rock  micro- 
pegmatite.  The  third  granite,  that  of  Shap,  forms  a  plug- 
like mass,  not,  like  the  other  two,  an  irregular  sheet.  It  is 
a  biotite-granite  with  large  red  crystals  of  orthoclase  in  a 
medium-grained  ground.  Thin  slices  show  that  sphene  is 
rather  abundant.  The  rock  is  never  micropegmatitic.  A 
characteristic  feature  of  the  Shap  granite  is  the  frequent 
occurrence  in  some  places  of  ovoid  patches,  an  inch  or  two  in 
diameter  or  larger,  of  a  black  fine-grained  modification,  much 
richer  in  biotite  and  sphene  than  the  normal  rock. 
))  Quartz-porphyries. — A  number  of  dykes  and  some  sills,  especially 
in  the  area  about  the  Shap  granite,  are  to  be  referred  to  this 
suite  of  intrusions,  and  are  doubtless  related  to  the  granite. 
They  have  biotite  as  their  ferro-magnesian  element,  and,  in 
addition  to  porphyritic  quartz,  some  of  them  contain  relatively 
large  crystals  of  felspar. 


i^  BAKKKR:   lake   DUTRICT    IGNKOCS   ROCKS. 

■r  JiioM'Lamfrofkfres, — ^Theae  dvke-rocks,  scmieUmes  termed 
*  mka-frapft.^  are  too  weO  known  to  need  description,  their 
richnes  in  biodte  being  a  very  striking  feature.  It  may  be 
mentioned  that,  while  the  typical  lamprophyres  are  gtrongly 
<vcitiast<d  with  the  often  associated  acid  dykes  just  mentioned. 
VY  nnd  in  certain  places  varieties  intermediate  between  the 
two   e^..  Stakeley  Folds,  near  Shap  Wells,  and  Long  Sled- 

The  remaining  intrusions  probably  belong  to  a  still  later  period. 
TWre  is  no  direct  CTidence  of  their  age,  except  the  fact  that 
they  are  younger  than  the  great  crust-movements  ;  but  their 
very  ckiie  petrographical  resemblance  to  Tertiary  Rocks  in 
•icher  parts  oc  Britian  raises  a  certain  presumption  that  thev 
Wekdg  to  the  same  period. 

I  T%e  CiMrrock  fell  itUmsions, — ^The  principal  rocks  here  are  two. 
gabbro  and  gianophyre.  The  gabbro  is  a  highly  variable 
reck.  Usually  it  is  of  medium  or  moderately  coarse  grain, 
•.^ohr  excimionallv  verv  coarse,  with  larse  lustrous  crvstals 
•^*  au£ite.  The  central  part  of  the  mass  is  a  quartx-gabbro, 
the  quaru  sometimes  visible  in  interstitial  grains,  but  com- 
ci-.^y  in  mieropegmatite  detected  only  in  thin  slices.  The 
augite  has  a  strong  striation  parallel  to  the  basal  plane.  This 
reifttiveiy  acid  rock  passes  gradually  through  normal  gabbro 
i.c  without  quaru ),  into  an  extremely  basic  rock  at  the  edge 
v'f  the  mas&  Here  felspar  is  reduced  to  a  minimum,  and 
aKnit  one-fvHirth  ctf  the  rock  is  made  up  of  titaniferous  iron- 
<*re>  The  granophyre  has  the  dull  confused  aspect  character- 
istic ^-4  a  mioropegmatitic  rock,  and  contains  scattered  crvstals 
^4  ohgiv^lase  and  abundant  little  dark  specks,  which  are 
jkUgite-crretaisL 

f  [K'tfritf  JUti  AtUesiie  Lewies. — A  few  dykes  have  been  observed. 
;&Qd  p.^bly  monp  remain  to  be  detected,  which  resemble 
known  Tertiary  dykes,  and  are  perhaps  to  be  referred  to 
that  periv^  They  are  apparently  less  basic  on  the  whole 
than  the  older  dolerites,  and  thev  are  in  a  fresher 
cv>ndition. 
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The  foregoing  include  all  the  more  important  igneous  rocks  of 

t^he  district.    Since  one  object  of  these  brief  notes  is  to  assist  in  the 

identification  of  Lake  District  boulders  in  other  areas,  it  is  desirable 

tio  point  out  which  of  the  rocks  have  sufficiently  distinctive  characters 

tx>  be  recognised  with  tolerable  certainty.    The  following  include  the 

most  important  for  this  purpose  :  the  porphyritic  hypersthene-basalts 

(Eycott  type),  the  amygdaloidal  andesites,  volcanic  breccias  with 

pink  rhyolite-fragments,  garnetiferous  breccias  and  tuffs,  the  banded 

^uffs  and  the  homstones,  some  rhyolites  and  especially  the  nodular 

rhjolites,  the  Threlkeld  microgranite,  the  Armboth  t}^  of  grano- 

phyre,  the  olivine-diorite  (Little  Knott  type),  the  three  different  kinds 

of  granite,  and  the  different  varieties  of  the  Carrock  Fell  gabbro. 

The  quartz-gabbro,  it  may  be  mentioned,  is  often  indistinguishable 

from  the  coarse  type  of  the  Whin  Sill  in  Teesdale,  and  it  is  possible 

that  some  records  of  "  Whin  Sill "  boulders  require  reconsideration. 

Some  of  the  metamorphosed  rocks  bordering  the  granitic  intrusions 

are  at  least  as  distinctive  as  many  of  the  igneous  rocks  themselves. 

The  chiastolite-slate  of  Sinen  Gill  and  the  more  highly  metamorphosed 

rocks,  with  andaluslte,  cordierite,  &c.,  in  Grainsgill  and  the  Caldew 

Valley  should  be  noticed  ;    and  again  the  metamorphosed  basaltic 

lavas  near  the  Eskdale  granite.    The  metamorphosed  volcanic  rocks 

are  even  more  characteristic  near  the  Shap  granite,  the  basalts  on 

the  north  side  becoming  black  splintery  rocks  with  hornblende, 

pyrites,  and  other  new-formed  minerals,  and  the  andesites  on  the 

west  being  converted  into  dark  glossy  rocks  rich  in  minute  flakes  of 

biotite. 
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LET  K!€  THE  PUSCIPAL  PCBUCATIO^S  D^UJNG  WITH  THE  PFTRODjGY 

OF  THE  ENGLKH  ULEE  IMSTRICT. 

rr    ALFUD  W%BEEK.    V.A..    F.R.S.,    F.G.S. 

TvT  EiK  ot  cJMmiTjJ  anahraes  and  partial  analyses  and  a  number 
oc  iBiMxaf  craritT  drtenninatioDS  see  Naturalist,  1899,  pp.  53-58. 
14>-1>4.  1^ 

L— The   Okdovkiax    Volcanic    Series. 

•  Fs:om  tm^  Amd^sUe  GrmfL—J.  Chhim  Ward,  Q.J.G.S.  (1875). 
XXXL  407.  and  GeoL  N.  Part.  Lake  Distr.  (1876),  13-19: 
JtaJL  Britidi  PKrographr  (18^).  282  ;  Hutchings,  GeoL 
Mae  tlS9U  462.  44»  (tuff^ 

>  Eygxit  mm4  FlUwrnier  Basalt  Grtmp  (including  some  andeates 
and  tufisL— Ward.  Q.J.G.S.  (1875),  XXXL,  406,  407, 
G«l  X,  Pkit.  Lake  Distr..  20-23,  and  Monthly  Microec. 
JouriL  «1S77»,  XVR,  239-246,  PL  CLXXXVII ;  Bonney. 
v;<i^  Mag.  ^l^^^  76-.S0 ;  TealL  Brit.  Petr.,  225-227; 
UutohingSL  GeoL  Mag.  aS91),  538-543  (basalts  and  ande 
st«  :  Barker  and  Marr.  Q.J.G.S,  il893),  XLLX.,  360-365 
and  PL  XVIL,  figs^  1-5  <  metamorphisin  of  basalts  and  tuffs 
near  Ship  granite » ;  Harker.  Petrology  for  Students  (1895 
and  l>97i,  figs.  43,  CO,  G7 :  and  Q.J.G.S.  (1894).  L 
;>o  1-334  tmetamorphism  by  gabbro).  Also  Hutchings,  Proc. 
LiTeqx  C^eoL  Soc.  (1901).  IX.,  106-110  (cleaved  tuffs  of 
Butiermere  and  Hamster). 

-  Kfm:mm  Conisfon  Slatf-Bafui.  —  Sorhy,  Q.J.G.S.  (1880). 
XXXVL.  Proc,  74-76:  Hutchings.  GeoL  Mag.  (1892), 
154-161.  21S-223:  Proc,  Liverp.  GeoL  Soc.  (1901),  IX. 
1«>\  111.  112  (Cleaved  tuffs  of  Elterwater  and  Tilberthwaite). 

J  ^v.ir  AtUfsiif  Gnmp  ^with  metaniorphism  near  Shap  granite).- 
Harker  and  Marr,  Q.J.G.S.  (1891),  XLVIL,  293-.)01. 
PL  XL.  figs.  4-6  ;    Harker,  Petr.  for  Stud.,  fig.  40. 
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(e)  Shap  Rhydile  G^row;?.— Rutley,  Q.J.G.S.  (1884),  XL.,  345, 
PL  XVIIL,  fig.  G,  and  Felsitic  Lavas  Engl,  and  Wales  (Mem. 
Geol.  Sur.,  1885),  12-15,  PI.  IL,  figs.  1,  2  ;  Teall,  Brit. 
Petr.,  PI.  XXXVIII ;  Harker  and  Marr,  Q.J.G.S.  (1891), 
XLVIL,  301-309  (with  metam.  by  Sliap  granite) ;  Rutley, 
Q.J.G.S.  (1894),  L.,  10-13,  PI.  I.,  figs.  1,  2  ;  Barker,  Petr.  for 
Stud.,  fig.  33.  See  also  Hutchings,  Geol.  Mag.  (1895),  314- 
317,  on  basic  tuif  in  this  group  metamorphosed  by  Shap 
granite. 

II.— Intrusive  Rocks,  Older  Suite. 

(a)  Granophyres  (Ennerdale  and  Buttermere  mass  and  Armboth 
dykes).— Ward,  Geol.  N.  Part.  Lake  Distr.,  31-35;  Teall, 
Brit.  Petr.,  323-342  ;  Harker,  Naturalist  (1889),  209,  210, 
and  (1890),  239,  240. 

(6)  Microgranites. — Ward,  I.e.,  33,  34 ;  Harker,  Naturalist 
(1890),  240,  241. 

(c)  QuarbS'porphyrite.—KuUihmgB,  Geol.  Mag.  (1891),  537,  538 
(also  intrusive  porphyrite  at  Shap  Wells,  544). 

{(l)  Diabases,  t^c— Ward,  I.e.,  37,  38 ;  Teall,  I.e.,  224,  225  : 
Harker,  Naturalist  (1890),  242;  Hutchings,  Geol.  Mag. 
(1891),  538 ;  Postlethwaite,  Q.J.G.S.  (1893),  XLIX.,  531- 
535. 

(e)  DioriUs,  rfr.—Ward,  I.e.,  3G.  Bonney,  Q.J.G.S.  (1885),  XLL, 
511-515,  PI.  XVL,  fig.  2;  Postlethwaite,  Q.J.G.S.  (1892), 
XLVIIL,  508-513  ;  Harker,  Petr.  for  Stud.  (1895),  5G, 
57,  and  (1897)  G4. 

III.— Intrusive  Rocks,  Younger  Suite. 

(a)  Granites.— Ward,  Q.J.G.S.  (1875),  XXXI.,  5G8-602,  PI. 
XXX.,  XXXL,  and  (187G)  XXXH.,  1-11,  PI.  L  (especially 
metamorphism),  and  Geol.  N.  Part.  I^ke  Distr.,  G-12 
(metam.),  and  30,  31  ;  Phillips,  Q.J.G.S.  (1880),  XXXVI., 
9-10,  PI.  I.,  figs.  3-5,  and  (1882)  XXXVIIL,  21G-217  (dark 
patches  in  Shap  granite) ;  Teall,  Brit.  Petr.,  322,  323  (Esk- 
dale);  PI.  XXXV.,  fig.  1  (Shap);  Harker,  Naturalist,  1890, 


mZL  ITT^fSL  P.  XL-  i».  I-^  Sbap. :  Barker.  Q.J.G.S. 
'.'^yi'.lL.  ll'^lid  :SLMSOkw ^^Mxase^ndGnaa^gmatni 
HL  TniamiTratti:j«Ei£  ^aiiiv  dfcues.  Rcsenbuaeh,  Die 


.  1II-±I^  trifirihrfd  in  Xatunlk 


IrL*! .  :: 5.  If?:  .  T«1  L^  R  WVIII  %  5:  Barker, Ged. 
1^  l^LK.  :fi.  in.  aai  F^etr.  i:r  ScocL  fi^  64,  65: 
uaL  m.  TutonmrjOi'msi  OsiobcxL  Fbes  near  Sbap  gnnite. 
EmniTTigi  'i^UL  Muc    iril  .  i5,>-t^±.  azfed  '1S^>.  40-45, 


i  '       Mm. 


irck  iriMCaaMl   Tmecies  betveen  these 
— H«a^  aai  Marr,  QJ.G^  (1891 1, 

Fts  I^ni  7r7n«.ip<gL — E»jzmrr  aad  H^xacWn.  Q.J.G.S.  ilSToi: 
XXXT.  li^iri.  Wiri  •ii»:l  X.  Vuv  Lake  Dktr.. 
:;:  Birsr  lai  Mirr.  L:i :  Harksr.  GraL  Mae^  1S91 
:i!J-i»:tr .  XiociJtf  :>>•>  .  rl'>.  tlli  azid  IVtr.  for  Stud., 


:v    :•    IJ-fK.    YrynrTTikTT   *^:L  Mae.    1>6:?^  21M12 

jsucrj.     Z-mA.  ^^l^icL  ^Lkz.    I>S^-  rrv  ^ranophyre):  Brit. 

5^1?^  I    ^iJ:er-:  .  F^  XLVIL  Jig.  5    jeranophTTf  : 

4311    iric?    11_  Irf-IJ'i  ^rraa.xcTTe  :  afeo  Peer,  for  Stud.. 
iua^  IL  II.    -'^L  smLI  ijkfsf  A.->i  T«cft»  c^minz  the  krger 
iw  ^Vr:c^l.  V*  vOl     I>y>.   XLV^  25^>-5iM.  PI 
"1    ^Ofsr-iiEir  ZMr^yiy^^  aai  Barkn.  GeoL  Mag.  il^*.*4w 
►;.   irci  r^cr.  3:c  Scaki.  Ic.  41    Tario&tic  andesiie. 
r^'^r^  If. — ^Xrnif  :c  laif  icro.iaAi  Tercsarr  doierhe  drkes  seem 

■m        tm  m  • 

t:    isiT*   SfeoL    afsarrfrifii   rr:ca   tc*   Lake   District   prc-per, 
iiin  iiK  vl'*-«-^-    I^'i-I-  XL VII,  ->:i5    fr«n  Eden  TaBev. 
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secretary's  report,  1901. 

The  Meetings  and  Field  Excursions  during  the  year  have  fully 
maintained  their  scientific  value  and  interest,  and  the  condition 
of  the  Society  is  thoroughly  satisfactory. 

A  Special  Meeting  was  held  under  the  presidency  of  Dr.  Forsyth 
at  the  Church  Institute,  Leeds,  on  the  evening  of  April  25th,  for 
the  purpose  of  hearing  a  paper  by  Mr.  \Vm.  Ackroyd,  F.I.C.,  on 
*'  Salt  Circulation  and  its  Bearing  on  Geological  Problems."  Mr. 
Ackroyd  pointed  out  that  salt  was  very  widely  distributed  over 
the  land  by  means  of  the  rainfall.  The  Widdop  Reservoir,  for  in- 
stance, which  held  some  640  million  gallons  of  water,  contained 
practically  55  tons  of  salt,  which  was  probably  renewed  more  than 
once  in  the  course  of  the  year,  the  salt  coming  down  in  the  rainfall 
at  the  rate  of  about  172  lb.  per  acre  per  year.  This  salt  was  taken 
into  the  atmosphere  from  the  sea,  was  carried  over  the  land  by  the 
wind,  and,  falling  with  the  rain,  was  borne  back  to  the  sea  by  the 
rivers.  A  distinction,  he  said,  was  to  be  drawn  between  cyclic  sea 
salt  and  salt  derived  freshlv  from  the  earth,  the  amount  of  the  latter 
being  exceedingly  small,  a  fact  to  be  considered  in  criticising  Pro- 
fessor Joly's  calculation  as  to  the  age  of  the  earth,  which,  briefly 
stated,  was  that  the  total  of  the  salts  in  the  sea,  divided  by  the  total 
borne  down  by  the  rivers,  equalled  the  age  of  the  earth.  According 
to  Professor  Joly*s  calculation,  that  represented  a  period  of  ninety 
million  years,  but  the  rate  of  denudation  was  so  slow  that  fully  eight 
thousand  million  years  would  be  required  for  the  process,  which, 
said  the  lecturer,  was  too  long  even  for  the  most  exacting  biologist. 
Incidentally,  Mr.  Ackroyd  referred  to  the  saltiness  of  the  Dead  and 
Caspian  Seas,  which  he  attributed  chiefly  to  cyclic  sea  salt,  and  only 
in  a  small  degree  to  denuded  earth  salt ;  and,  in  conclusion,  pointed 
out  that  in  the  solvent  denudation  method  of  arriving  at  the  age 
of  the  earth  too  little  allowance  had  been  made  for  the  mass  of  salt 
carried  by  the  rivers  which  had  been  derived  from  the  ocean  by 
atmospheric  transportation,  and  consequently  too  high  a  figure 
had  been  adopted  for  the  variable  proportion  of  salt  derived  from 
the  earth. 


suLuvfC  ty  A&  mtnatiiig  diaciiflBioii,  in  which 
IE  "ZSB  'Tttmu'Wf\  vc^  P*'^  ^^  Ckaiiman  (Dr.  Forsyth) 
ni^nniiiMC  i:^  xc^Lcaaat  \i  a  lie^n-  pntcntage  ol  sak  on  the  small 
jiieB  aoiL  pnwitTiTftaag  -m  Iatf^  vetf  ct  Scolluid.  doe  to  the  nearness 
ir  ine  «a  loir  3r?«iJsKe  d  cRtam  winck.  which  would  give  to  the 
^CKMoat  "smc  rmariw*  zmnsL  a  hiefaer  auhtkal  Tahie  oC  NaCL 

Mb:  F.  V.  TInawfT  FJ.C-.  ipolEe  on  the  Ameiican  geological 
•Timiimcmtt  ir  isitt  puBh^e  oc  «Uoniie  trom  the  aea  to  inland  areas. 

Mr  F.  F.  li''^ii.T  F.*jljS^  ikteiMlcd  ProtittBor  Samaej  s  theory 
jC  tai*  32C3iad:iL  :t  laf  Caascaaa  Sea.  and  gare  a  rery  interesting 
it:sT:ixnc  ic  Trr^maJ  -rORsraiMii  oo  the  ocmrreiice  inland  of  salt 
mrkT,  laii  icsisr  2ws  ht  had  Dunked  on  the  Yoriohire  coaft  during 
a  "ingrt  wTmr 

A  iiaarCT  vrrce  ct  iaasJ^  to  the  Beader  ot  the  paper  concluded 
a  verr  jisitwLjt^  a«ctiBc. 

IW  2:«  Gcoeral  Ikctiiag  and  Field  Exrursioo  for  1901  was 
iinii  afi  Kswick  >:r  tht  mminatioo  t«  siim  of  the  rocks  in  that 
aM^a>:crit»:«L  wskii  are  t'^ond  as  boulders  in  the  drift  deposits 
'X  Y:nac£r» 

A  r^creseclAdT^  eathering  of  members  assembled  at  the  Keswick 
H:CA  XL  ThTirsiAT  evening,  June  27th.  with  every  prospect  of 
f&T:(ir:&rvf  wmilier  azid  an  instructive  meeting.  On  Friday  morning, 
Junff  f>t£i.  an  etarir  start  was  made  bv  train  for  Threikeld.  under 
;&f  g'j3tiiir>.*e  c<  Mr.  J.  Poetlethwaite,  F.G.S..  and  some  time  was 
szvr:  in  the  gruiite  quarry,  and  noting  the  interesting  jimctions 
c-c  :be  intraded  rwk  with  the  Skiddaw  Slates,  which  show  verv  few 
3gr:.s  o€  zijetamorphism.  A  visit  was  also  paid  to  the  works  where 
dagstooes  are   manufactured. 

A  traverse  was  then  made,  under  the  leadership  of  Mr.  P.  F. 
KendaiL  F.G.S..  to  the  Glenderaterra  Vallev.  to  see  the  Skiddaw 
Gnknite  and  note  the  extensive  metamorphic  changes  in  the  Skiddaw 
SlateSu  Excellent  exposures  c^  the  chiastolite  slate  and  spotted  schist 
were  seen,  and  the  granite  was  found  well  exposed  in  Synen  GilL 
Junctions  with  the  schist  were  examined,  and  a  tongue  of  more  finely 
grained  granite  noted.  The  party  walked  back  round  the  shoulder 
of  Skiddaw  to  Keswick.    After  dinner  the  General  Meeting  was  held 


secretary's  report.  499 

at  the  Keswick  Hotel,  under  the  presidency  of  Mr.  Percy  F.  Kendall. 
F.G.S.  The  following  new  members  were  elected :— Rev.  W.  Johnson 
(York),  Rev.  Henry  Canham,  F.G.S.  (Leathley),  Dr.  Tempest 
Anderson,  F.G.S.  (York),  Messrs.  Edmund  Spence  (Clapham), 
Norman  McLeod  R.  Wilson,  A.M.I.C.E.  (Northallerton),  Simeon 
Walton  (Elland),  Joe  Sagar  (Halifax),  W.  Denison  Roebuck, 
F.L.S.  (Leeds).  The  Chairman  delivered  an  interesting  address  on 
the  work  to  be  done  during  the  meetings.  He  pointed  out  that  the 
primary  object  and  justification  of  a  meeting  so  far  from  Yorkshire 
was  the  fact  that  in  the  Keswick  district  there  was  a  series  of  rocks 
which  were  found  as  erratics  in  the  Yorkshire  Drifts.  He  also 
pointed  out  the  great  interest  of  the  glacial  geology  of  the  district, 
and  said  that  there  was  another  subject  of  great  interest,  viz.,  the 
origin  of  the  lake-basins. 

Mr.  C.  S.  Middlemiss,  F.G.S.,  of  the  Indian  Geological  Survey. 
gave  an  address  on  the  Geology  of  the  Himalayas.  He  commented 
on  the  practice  of  some  geologists,  who  had  done  good  work  in  England^ 
of  expressing  opinions  on  the  geology  of  districts  of  which  they 
could  know  nothing,  and  pointed  out  that  several  eminent  geologists 
had  expounded  the  theory  that  the  Himalayas  were  of  very  modern 
origin,  one — Sir  Henry  Howarth — going  so  far  as  to  say  that  the 
range  was  upheaved  in  post-glacial  times.  Mr.  Middlemiss  gave 
an  account  of  certain  characteristic  districts,  and  contended  that 
the  system  was  not  so  simple  as  was  suggested,  but  was  like  an  ancient 
house,  built  in  different  times  and  with  different  materials,  and  there 
was  no  evidence  to  sustain  the  theory  of  a  sudden  and  wholly  modem 
upheaval. 

An  interesting  discussion  followed,  in  which  Messrs.  B.  Hobson 
(Owens  College),  W.  I^wer  Carter,  C.  W.  Fennell,  F.  F.  Walton, 
J.  W.  Stather,  and  the  Chairman  took  part. 

On  Saturday  morning  the  party,  about  30  in  number,  took  the 
noted  Buttermere  round,  vui  Borrowdale  and  Honister  Pass.  Castle- 
head,  an  old  volcanic  neck  rising  300  feet  above  the  lake,  was  noted, 
and  a  halt  made  at  Falcon  Crag  to  examine  the  lava  beds  exposed  on 
its  slopes.  A  detour  was  made  at  Grange  to  examine  the  junction 
between  the  Skiddaw  Slates  and  the  Borrowdale  Series  at  Hollows 
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Farm.  During  the  drive  down  Borrowdale  excellent  examples  o 
roches  moutonnees  were  noted.  At  Seatoller  a  very  interesting  rocl 
containing  epidote  was  examined.  Thence  the  party  strolled  u 
the  glen,  the  grand  view  from  the  summit  of  Honister  Pass  was  dul 
enjoyed,  and  Buttermere  was  reached  rather  late  owing  to  th 
numerous  stops  by  the  way.  Here  the  delta  separating  the  lakes  ( 
Buttermere  and  Crununock  Water  was  examined,  and  a  visit  pai 
to  Sour  Milk  Ghyll,  where  a  series  of  Granophyre  specimens  wei 
obtained  showing  an  extraordinary  variation  in  structure.  Tl 
party  returned  to  Keswick  by  way  of  the  Vale  of  Newlands. 

The  General  Meeting  was  resumed,  under  the  presidency  of  M 
Kendall,  on  Saturday  evening.    A  paper  was  read  by  Mr.  Job 
Postlethwaite  on  **  The  Geology  of  Keswick  and  District"    In  tl 
.;,  course  of  the  discussion  which  followed,  the  Chairman  referred  i 

i;  some  interesting  points  in  the  geology  and  physical  geography  of  tl 

*  ■ 

[['  neighbourhood.     Alluding  to  the  controversy  as  to  the  origin  of  tl 

^^  lake-basins,  he  did  not  think  that  either  the  advocates  of  ice-excavaU 

lake-basins  or  those  who  claimed  that  they  were  ponded  back  I 

banks  of  moraine  had  satisfactorily  proved  their  views.    Probab 

each  theory  was  right  in  certain  cases.     An  interesting  piece  of  c> 

dence  with  regard  to  the  rapidity  of  denudation  was  the  presei 

•  comparative  levels  of  the  twin  lakes,  Buttermere  and  Crummac! 

i  Derwentwater    and    Bassenthwaite.    The    level    of    Bassenthwai 

!  was  lower  than  that  of  Derwentwater  by  no  less  than  21  feet,  showir 

;  that  the  westward  outlet  of  Bassenthwaite  had  been  lowered  bv  th 

!  amount  since  the  separation  of  the  two  lakes  by  the  delta  of  the  Gret 

:  Tli?re  was  a  similar  difference  to  be  noticed  in  the  levels  of  Butt* 

mere  and  Crummack  Lake,  which  gave  ,an  interesting  suggestic 

as  to  the  remote  period  at  which  these  lakes  were  separated.    Tl 

proceedings  closed  by  a  hearty  vote  of  thanks  to  the  Chainnan,  tl 

Readers  of  papers,  and  the  Leaders  of  the  party  in  the  field. 

On  Monday  morning,  July  1st,  the  party  travelled  to  Troutbei 
in  order  to  visit  Eycott  Hill.  From  the  station  the  way  lay  for 
mile  or  two  across  meadows,  but  as  the  lower  slopes  of  the  hill  we 
ascended  a  beautiful  view  of  the  Lake  Hills  was  obtained.  Crossii 
a  stretch  of  moorland,   Eycott  Hill  was  climbed  and  the  fine  vie 
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i-ed.  As  the  hill  was  ascended  the  party  had  the  opportunity 
amining  a  fine  series  of  lavas,  probably  of  the  age  of  the  Borrow- 
Series,  some  pink,  some  greenish,  and  containing  large  crystals 
spar.  From  the  summit  a  fine  view  was  obtained  of  the  base- 
:  Carboniferous  beds  of  Mell  Fell  resting  on  the  Borrowdale  Series. 
Caldew  Valley  was  ascended  to  view  the  contorted  and  meta- 
)hosed  Skiddaw  Slates,  and  to  examine  exposures  of  the  granite 
greissen.  Returning  over  Carrock  Fell,  the  diabase,  grano- 
e,  and  gabbro  were  examined,  and  the  party  descended  at  Stone 
The  gabbro  of  Carrock  Fell  contains  many  fragments  of  Eycott 
rock,  into  which  it  was  intruded.  The  composition  of  this  rock 
s  considerably,  at  the  centre  there  being  about  60  per  cent,  of 
,  with  about  5  per  cent,  of  the  oxides  of  iron  and  titanium.  But, 
le  proceeds  outwards,  the  percentage  of  these  bases  rises  steadily 
the  silica  falls,,  until  the  proportions  become  about  equal  at  the 
ers  of  the  mass. 

On  Tuesday  the  party  drove  from  Keswick  through  the  Vale 
addle.     Junctions  of  the  Skiddaw  Slates  and  Volcanic  Series 
examined  at  the  foot  of  Nest  Brow,  near  Causeway  Foot.     Well- 
!r\'e<l  roches  rtioutonnies  were  seen  in  St.  John's  Vale  and  a  quarry 
I  old  volcanic  neck  at  Bridge  End,  close  to  Thirlmere  Dam.    The 
f  then  drove  along  the  eastern  side  of  Thirlmere  to  the  top  of  Dun- 
Raise,  where  several  examples  of  drift  mounds  were  examined, 
fine  view  over  Grasmere  was  duly  admired,  and  the  origin  of  the 
Jailed  Dunmail  Raise  was  eagerly  discussed.     The  return  journey 
by  the  western  side  of  Thirlmere  to  Armboth,  and  specimens 
le  Armboth  Dyke  were  secured.     Shoulthwaite  Gill  was   then 
ided,  and  some  bedded  ash  beds  with  faults  were  well  seen  near 
Crag.     From  Shoulthwaite  the  conveyances  took  the  party  back 
e  Keswick  Hotel,  and  so  finished  a  most  inspiring  and  instructive 
excursion,  and  the  earnest  thanks  of  the  members  were  voted 
Messrs.  J.  Postlethwaite,  F.G.S.,  and  P.  F.   Kendall,  F.G.S.,  for 

excellent  arrangements  and  admirable  leadership. 
The  Second  General  Meeting  and  Field  Excursion  was  held  at 
urn,  from  July  26th  to  29th,  for  the  investigation  of  Wensley- 
with  the  special  view  of  examining  the  typical  Yoredale  Beds  of 
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Pri«K«.*  F^J.Spii.  "Dk  p*nv  met  at  I^vbura  on  Fridav,  Julj  2(i 
»ai,  iiT«  i-;E».-ij;>.<i.  w»i»  drtuited  by  a  lieavr  thunderstorm,  but 
f-.n.rr^y  c^  •:<-iiM  -X  ibt  pra^mnme  (he  tiioe  n-as  well  utilind 
a  rist  t..  iLe  intereainc  private  miMeum  of  Mr.  Wm.  Horae,  F.t! 
«*tf >  vj«  ;iut '  A.'nl  hndrr  >*  tbt  exciUHou.  Mr.  Home,  who  Itu  b 
a  -iLU-s;  o-tWc-'C  i>_Y  nuDv  nars  of  antiquities  and  natural  hist 
s^cKiisito^  u«  >  xmX  nuDj  ubjevt^  oi  interest  on  exhibition,  includ 
Bu:ij  jiXtTesCnz  Lx-al  l-nab  and  antiquarian  finds,  and  a  \ 
p*Biaat  uici  prufitable  hour  wai  spent  in  his  aanetum.  Ab 
tni*e  -.'civk  1  ibtt  was  made  to  see  the  geologr  oi  the  neighbourhi 
Caa^r  ibe  eokimce  oi  Mr.  Home,  (he  party  paid  a  visit  to  the  Bl 
^xne  (^ttniea.  war  Levbum.  Thcw  qiurries  have  been  wor 
in  a  koiki  <*  eherry  shale,  vhteh  forme  excellent  road  metal 
extenaTv  •.'>pen(i^4K  cl  past  years  are  sbovn  by  (he  Urge  spoil  he 
bat  only  btely  h«s  (be  viirfc  been  resumed.  A  clear  section 
exptwed.  $b>-viiis  veO-jotnled.  r^ularly  bedded  rock,  with  Unei 
nvitKi  cixit»ining  rotten  stone  at  iutervak.  Few  foesile  were  foi 
and  those  were  ot  a  tragmMitary  nature.  The  extensive  qiiani 
(he  Main  Lioiestone  was  (hen  ria(ed.  and  the  evenly  bedded.  \ 
JLxated  rock  examined.  The  party  then  croawd  the  golf  links  to 
'  ."^bawL'  whioh  if  a  natural  limestone  lerrure.  extending  aboi 
mile,  and  Lid  i.ut  as  a  pieitiresqiie  pnimenade.  .\  haie  preTei 
ihtr  ma^ifii-jeoi  views  uion^;  the  dale  froo)  being  enjoyed,  und 
the  siving  ij,  '  We  viewed  the  mist,  but  missed  the  i-iew."" 

<  >n  returning  to  Leybum  a  visit  was  paid  to  u  chert  qu 
worked  by  Mr.  Home.  Here  a  magtufident  bed  of  chert  about : 
feet  in  thickness  is  exposed,  and  a  considerable  time  was  speo 
examining  the  bed  and  discussitig  its  formation.  The  layen  < 
mLK'h  contorted  and  included  wedges  of  encrinital  Umestone. 
UK^Btly  I'onverted  into  silica,  but  the  general  aspect  of  the  bed  le 
the  lieliet  that  it  must  have  been  largely  formed  by  siSceoiis  o^ni 
in  .'iln.  and  not  us  a  whole  liave  been  due  to  chemical  alteration, 
a  tiireliil  niiirtiecopicui  exiiminatlon  alone  can  the  secrets  of  lis 
stituti'-n  be  explained. 

After  dinner  at  (be  Golden  Lion  Hotel,  the  General  Meetiap 
hell!  under  tlie  presidency-  of  Mr.  Wm.  Home.  F.G.S.    The  Chain 
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ti  his  address  gave  some  interesting  information  about  the  beds 
irhieh  had  been  examined,  noting  among  other  things  that  they 
lad  yielded  the  oldest  known  Labyrinthodont.  A  paper  was  read 
>y  the  Rev.  W.  Lower  Carter,  M.A.,  F.G.S.,  on  "  The  Yoredales  and 
heir  Southern  Equivalents  in  Yorkshire."  The  paper  was  a  historical 
ccount  of  the  Lower  Carboniferous  rocks  and  their  distribution 
lorth  of  the  Craven  Fault,  showing  a  thinning  out  eastwards  and 
outhwards.  The  extension  southwards  was,  liowever,  cut  oft 
bniptly  by  the  faults,  and  the  massive  limestones  were  represented 
»n  the  south  side  of  the  faults  by  a  great  series  of  shales  and  thin 
ledded  limestones.  Mr.  Tiddeman's  views  were  quoted  to  explain, 
his  huge  discrepancy.  He  believed  that  the  Craven  Fault  was  a  line 
►f  movement  in  Carboniferous  times,  and  that  the  sea  bed  was  sinking 
mequally  during  the  deposition  of  the  Lower  Carboniferous  beds, 
he  south  side  of  the  fault  sinking  much  more  rapidly  than  the 
lorthern  side.  The  physical  conditions  appeared  to  be  a  barrier 
eef  on  the  north  side  of  the  fault,  and  a  deep  sea  studded  with  coral 
slands  to  the  south.  An  interesting  discussion  followed,  and  a  vote 
if  thanks  was  passed  to  the  Chairman  for  his  leadership  and  conduct 
>f  the  meeting. 

On  Saturday,  July  27th,  the  party  left  Leyburn  by  an  early 
rain  for  Redmire  station.  As  the  fields  were  being  crossed  to 
k)lton  Castle  a  heavy  thunderstorm  broke,  necessitating  a  rapid 
•etreat  to  cover.  When  the  weather  had  cleared,  Bolton  Castle, 
he  stronghold  of  the  Scropes  and  the  prison  of  Mary  Queen 
»f  Scots,  was  visited.  Mr.  Home  conducted  the  party  over  this 
titeresting  ruin  and  explained  its  chief  architectural  and  historical 
loints.  Fine  weather  enabled  the  party  to  cross  the  fields  and  visit 
he  lower  falls  of  the  Yore  at  Aysgarth  in  comfort.  Here  the  lowest 
)eds  of  limestone  in  the  dale  are  seen.  The  river  has  cut  back  a 
Mcturesque  gorge  through  the  level  bedded  limestone  strata,  and  fine 
)ranching  corals  were  seen  in  the  rock.  Thin  bands  of  shale  between 
he  limestone  beds  contained  quantities  of  shells.  Luncheon  was 
)rovided  at  the  Palmer  Flat  Hotel,  and  a  visit  paid  to  the  church, 
loted  for  its  fine  old  roodloft  from  Jervaulx  Abbey,  which  is  now 
•onverted  into  choir  stalls.    The  party  then  walked  to  the  upper  fall. 
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below  which  the  river  is  crossed  by  a  fine  stone  bridge  of  70  feel  m 
built  in  the  time  of  Queen  EUtabeth,  and  subsequently  widened 
caiTj-  the  cariiagB  road.  In  the  shales  above  the  fall  ounien 
corals  and  other  fossils  were  obtained  in  good  preservation.  CrosB 
the  river.  Bear  Park  was  entered,  and  the  charming  Alpine  gair 
belonging  to  Mr.  Thomas  Bradley  was  exhibited.  Here  a  beauli 
collection  of  AlfHne  plants  is  successfully  cultivated.  An  ancie 
inacribed  stone,  built  into  the  wall  of  the  house,  was  eiamined.  I 
supposed  to  have  formed  part  of  an  altar  at  Jervaubc  Abbey.  1 
beet  thanks  of  the  members  were  voted  to  Mr.  Bradley  for  liia  courte 
kindness. 

Monday,  July  '29th,  was  bright  and  clear,  after  a  series  of  h« 
thunderstorms  on  Saturday  night  and  Sunday,  and  the  party  « 
enabled  to  see  the  waterfalls  at  their  besL  The  train  was  taken 
Askrigg,  where  the  ruins  of  Fors  Abbey,  now  farm  buildings,  h 
^-isited.  The  monks  migrated  from  this  spot  when  Jerraulx  ' 
built,  but  a  small  window  and  some  of  the  ancient  masonry  still 
shown  as  part  of  the  cowhouse.  A  walk  down  the  field  brought 
party  to  the  junction  of  the  Yore  and  the  Bain,  which  is  a  stn 
stream  flowing  from  Semmer  Water.  Thence  Mr.  Home  took 
members  to  see  an  old  Norman  bridge,  built  by  the  monks.  ,tnd 
ancient  stone  footbridge  with  a  curiously  narrowed  oritlet  to  prev 
the  cattle  going  over.  Near  this  was  the  pretty  Bow  Bridge  I 
Mill  Gill  falls  were  nest  visited,  and  were  much  admired,  tliere  be 
a  flush  of  water  from  the  moors.  Mil!  Oill  runs  up  tlie  hillside  li; 
up  to  the  Main  Limestone,  and  exposes  the  whole  tliieknesa  of 
Yoredale  beds  in  its  course.  This  section  was  taken  by  Profei 
Phillips  as  the  typical  section  for  his  Yoredale  Series,  and  there! 
is  of  great  historical  interest.  Time  did  not  permit  of  the  Gill  be 
ascended,  but  several  of  the  beds  were  seen  during  the  day.  ' 
train  was  then  taken  to  Hawes,  and  u  pleasant  walk  brought 
party  to  Hardraw  Force,  which  is  a  fine  fall  which  has  cut  bac 
picturesque  gorge.  The  shales  being  weathered  back  under  tlie  ii 
stone  ledge  over  which  the  water  foils,  it  was  easy  to  pass  under 
fall  and  returu  over  the  fallen  rocks  on  the  other  side.  X  »l 
buck,  imder  a  warm  sun,  concluded  a  very  pleasant  day's  excui^ 
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The  membership  at  the  close  of  the  current  year  is  180,  being 
two  less  tlian  at  the  same  period  of  last  year.  We  have  to  record, 
with  deep  regret,  the  loss  of  four  members  by  death.  Mr.  Charles 
Wheatley,  of  Mirfield,  who  had  been  a  member  since  1840.  and  passed 
away  at  the  advanced  age  of  88  years ;  Mr.  Arthur  Briggs,  J.P., 
of  Rawdon,  who  had  been  a  member  since  1875  ;  Alderman  William 
Gaukroger,  J.P.,  of  Halifax,  who  was  an  active  man  in  public  and 
political  circles,  and  a  prominent  freemason.  He  was  a  life  member 
of  our  Society,  and  was  elected  in  1883.  Mr.  Richard  Taylor  Manson. 
F.G.S.,  L.R.C-P.,  of  Darlington,  who  was  a  widely  respected  medical 
and  scientific  man,  and  joined  our  Society  in  1896.  Eight  members 
have  severed  their  connection  with  the  society  by  resignation,  but 
ten  new  members  have  been  elected. 

On  April  8th  our  honoured  President  (the  Marquis  of  Ripon) 
and  the  Marchioness  of  Ripon  celebrated  their  golden  wedding. 
It  was  thought  fitting  by  our  Council  that  they  should  present  an 
address  of  congratulation  to  His  Lordship,  who  has  for  the  long 
period  of  43  years  presided  over  the  affairs  of  our  Society.  It  was 
therefore  resolved  that  an  illuminated  address  should  be  prepared, 
and  that  Messrs.  G.  Bingley,  F.  W.  Branson,  and  W.  L.  Carter  should 
be  a  sub-committee  to  carry  out  the  necessary  arrangements.  The 
following  were  the  terms  of  the  address  dra\vn  up  by  the  sub-com- 
mittee : — 

1851—1901. 

To 

4 

The  Most  Honourable  The  Marquis  of  Riih)n% 
K.G.,  G.C.b.L,  LIj.D.,  D.C.L.,  F.R.S. 

May  it  please  your  Lordship, 

We,  the  members  of  the  Council  of  the  Yorkshire  Geo- 
logical and  Polytechnic  Society,  desire  to  present  to  your 
Lordship  our  sincere  and  respectful  congratulations  on  your 
Golden  Wedding. 

We  have  much  satisfaction  in  recalling  that  your  Lord- 
ship's connection  with  this  Society,  as  a  member,  has  con- 
tinued over  the  long  period  of  45  years.     During  the  64 
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years  of  the  Society's  existence  it  lias  only  had  two  Presidents, 
and  has  been  honoured  by  your  (K*cupancy  of  the  chair 
for  no  less  than  43  years,  to  the  manifest  advantage  of  tlie 
Society. 

Your  Ix)rdship*s  deep  interest  in  all  scientific  questions 
is  well  known,  and  especially  have  you  done  much  to  further 
the  cause  of  science  and  scientific  education  in  Yorkshire. 
Our  Society  has  repeatedly  profited  by  your  suggestive 
addresses  from  the  Chair,  and  is  greatly  indebt^  to  your 
lordship  for  your  unvarying  sympathy  and  interest  in 
geological  work. 

We  Ciiriiestly  hope  that  your  Lordship  and  the  noble 
Marchioness  will  be  yet  spared  for  many  years  in  health 
and  happiness,  and  that  you  will  long  continue  to  occupy 
the  office  of  President. 

We   are, 

Your   Lonlship's  obedient  and  grateful  ser\'ants, 

Walter  Ronvley,  Vice-PresvUni. 

Wm.  C.vsh,   Treasurer. 

W.  Lower  Carter,  Hon.  Secretanj. 

This  address  was  engrossed  with  the  signatures  of  all  the  mem- 
bers of  Council  and  the  Local  Secretaries  in  facsimile  and  illuminated 
by  Messrs.  Goodall  &  Suddick,  and  was  bound  in  blue  morocco.  Die 
address  was  embellished  by  a  number  of  drawings  in  neutral  tint 
illustrative  of  Yorkshire  geology.  At  the  head  was  placed  a  device  of 
crossed  hammers,  with  the  initials  Y.CJ.P.S.  in  the  four  quadrants. 
Five  views  of  notable  Yorkshire  geological  scenery,  from  photographs 
by  Mr.  Godfrey  Bingley  and  Mr.  James  Bedford,  were  appended: 
Norber  perched  boulder ;  Mai  ham  Cove ;  Draughton  Quarry ; 
Idol  Rock,  Brimham ;  and  Thomiwick  Bay,  Flamborough.  Draw- 
ings of  three  typical  Yorkshire  fossils,  Phillipsia  seminifera,  .\mal- 
llieus  spinatus,  and  Woodocriniis  macroddctylus,  were  added. 

Lord  Ripon,  being  in  Ix)ndon  at  the  time,  expressed  his  willing- 
ness to  receive  the  address  at  liis  i-esidence,  Chelsea  Embankment, 
where  it  was  presented  by  the  Hon.  Secretary  in  person. 


• 
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An  invitation  was  conveyed  to  our  Society  from  the  I^eds 
Scientific  Societies  to  co-operate  with  them  in  arranging  for  a  lecture 
on  "  The  Australian  Alps  "  by  Professor  Stirling,  President  of  the 
Victorian  (leological  Survey.  The  Council  thereupon  resolved  to 
unite  with  the  Leeds  Societies  in  their  arrangements  on  equal  terms. 
The  lecture  was  given  in  the  Leeds  Philosophical  Hall,  on  Tuesday, 
Oct/)ber  'i'ind,  and  was  very  interesting  and  successful. 

The  LTnderground  Waters'  (^ommittee  has  held  several  meetings 
during  the  year,  and  carried  on  its  investigations  as  vigorously  as  was 
possible.  The  following  report  was  presented  by  Mr.  A.  R.  Dwerry- 
hoiise,  B.Sc.,  F.G.S.,  the  Secretary  of  theB..\.  Committee.at  theGlasgow 
Meeting  of  the  British  Association  : — 

"  The  C'ommittee  are  carrying  out  the  investigation  in  conjunction 
with  a  committee  of  the  Yorkshire  Geological  and  Polytechnic  Society. 

"  The  work  of  investigating  the  flow  of  underground  water  in 
Ingleborough,  described  in  the  report  presented  to  the  Association 
at  the  Bradford  Meeting,  was  resumed  by  the  Committee  on  November 
lOth,  1000,  when  it  was  determined  to  study  the  underground  course 
of  a  small  stream  known  as  Hard  Gill. 

**  This  stream  rises,  on  the  south  side  of  Ingleborough,  in  a  spring 
at  1,000  feet  above  the  sea,  and  flows  for  a  distance  of  about  half  a 
mile  over  boulder  clay. 

"  It  then  reaches  the  btire  limestone  and  commences  to  sink 
neiir  the  eastern  corner  of  the  croft  at  Crina  Bottom. 

*"  In  wet  weather  the  stream  is  not  entirely  absorbed  at  this  point, 
but  flows  on  past  the  house  at  Crina  Bottom,  and  enters  the  rock  at 
Rowan  Tree  Hole  (Rantree  Hole  on  (>  inch  map). 

**  At  the  time  of  the  experiments  the  water  of  Haiti  Gill  was 
entirely  absorbed  between  the  point  where  the  1,200  feet  contour 
crosses  the  stream  and  the  eastern  comer  of  the  croft,  and  conse- 
quently the  investigation  of  Rowan  Tree  Hole,  the  primary  object 
of  the  excursion,  had  to  be  abandoned. 

"It  was  found,  however,  that  the  bulk  of  the  water  was  absorbed 
at  the  point  where  the  1,200  feet  line  crosses  the  stream,  and  con- 
sequently it  was  determined  to  introduce  one  pound  of  fluorescein 
into  the  open  joint  down  which  the  water  was  flowing. 
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"  This  was  done  at  2  p.m.  on  November  11th,  and  before  7  a.m. 
on  the  r2th  the  water  of  the  large  spring  at  the  reservoir  in  the  Greta 
Valley  was  strongly  coloured. 

"  After  introducing  the  fluorescein  a  general  survey  was  made 
of  the  direction  of  the  joints  in  the  limestone  in  the  neighbourhood 
of  the  sink  and  on  the  cUnts  above  Crina  Bottom,  with  the  following 
results  : — 

Joint    at    '  sink  ' N.  55'  W, 

On   '  clints  '  near  sink \.  55'  \V. 

On  *  clints  '  above  and  to  the  west  of . .        (main)  N.  50"  W. 

Crina    Bottom       (secondary)  S.  25'  W. 

"  The  spring  at  the  resen'oir  is  thrown  out  close  to  the  line  of 
junction  of  the  Carboniferous  Limestone  with  the  underlying  Silurian 
rocks,  and  the  line  from  the  sink  where  the  fluorescein  wns  intro- 
duced to  the  spring  runs  N.  55°  W. — that  is,  in  the  direction  of  the 
master  joints  in  the  limestone. 

**  Thus,  again,  it  has  been  demonstrated  that  the  direction  of 
underground  flow  is  determined  by  that  of  the  master  joints  in  the 
limestone. 

"  After  a  considerable  though  unavoidable  delay,  the  work  was 
resumed  on  June  21st,  1001,  when  Alum  Pot,  on  the  Ribblesdale 
side  of  Ingleborough,  was  the  scene  of  operations. 

"  The  joints  in  the  neigh bourliood  of  Alum  Pot  are  more  com- 
plicated than  in  the  parts  of  the  district  previously  investigated, 
there  being  three  sets  of  joints,  all  more  or  less  irregular  in  places. 

"  Close  to  Alum  Pot  there  are  two  sets  running  S.  5"  W.  and  N. 
SO**  E.  respectively. 

"  Thirty  yards  higher  up  Alum  Pot  Beck  they  run  due  N.  and  S. 
and  N.  80°  E.,  the  north  and  south  joints  being  the  stronger  and  more 
continuous. 

"  On  the  *  clints  '  100  vards  above  the  Pot  there  are  three  sets 
of  joints,  as  follows,  viz. — 

Master N.  lO"*  E. 

^i         1  rN.  35*  E. 

secondary        . .         . .         . .         •  •     i  v  «"•  f 

"  One  pound  of  fluorescein  was  put  into  the  stream  flowing  into 
Alum  Pot  on  Friday,  June  21st,  at  7  p.m. 


skcuktary's  report.  509 

*"  There  was  not  much  water  flowing  at  the  time,  and  a  few 
days  afterwards  several  important  springs  in  the  neighbourhood  ran 
dry,  including  that  at  Turn  Dub,  on  the  opposite  bank  of  the  Ribble, 
which  is  the  reputed  outlet  of  the  Alum  Pot  stream. 

"  The  springs  commenced  to  flow  again  a  few  days  later ;  but 
although  they  were  Ciirefully  watched,  as  was  also  the  river  itself, 
no  trace  of  colour  was  seen. 

**  It  was  tlierefore  concluded  that  either  the  fluorescein  had  passed 
into  one  of  tlie  other  river  basins  or  had  become  so  diluted  as  to  be 
invisible. 

'*  This  experiment  having  proved  inconclusive,  a  further  one 
was  commenced  on  Thursday,  September  5th,  the  results  of  which 
are  not  vet  known. 

"  Owing  to  the  long  delay  caused  by  the  drought  and  other 
circumstances  bevond  their  control,  the  Committee  have  been  unable 
to  complete  the  work  during  the  present  year,  and  therefore  ask  to 
be  reappointed  and  to  be  allowed  to  retain  the  unexpended  balance 
of  the  grant  made  at  the  Bradford  Meeting." 

Since  the  Glasgow  meeting  the  fluorescein  put  in  at  Long  Churn, 
the  water  of  which  falls  into  Alum  Pot,  on  September  5th,  has  emerged 
on  the  opposite  side  of  the  River  Ribble,  in  a  pool  called  Turn  Dub, 
on  September  1 7th.  Between  these  dates  Turn  Dub  had  run  dry,  but 
on  September  17th  rain  fell  and  the  pool  filled  with  greenish  water, 
but  did  not  run  over.  The  following  day  the  water  of  the  Ribble  was 
coloured  by  the  stream  flowing  out  of  Turn  Dub.  The  Sub-Com- 
mittee is  arranging  to  continue  the  investigations,  and  to  have  the 
complicated  underground  watercourses  communicating  with  Long 
Chum  surveyed  as  soon  as  possible. 

The  Rev.  W.  Lower  Carter,  M.A.,  F.G.S.,  was  appointed  the 
representative  Governor  of  the  Yorkshire  College,  and  Mr.  A.  R. 
Dwerryhouse,  F.G.S.,  delegate  to  the  B.A.  Corresponding  Societies 
Committee  at  the  Glasgow  meeting. 

The  Hon.  Secretarv  was  invited  to  be  one  of  the  Secretaries  of 
the  Geological  Section  at  the  Glasgow  meeting,  but  was  unable  to  be 
present  at  the  meeting  and  so  could  not  accept  the  appointment. 
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The  Proceedings,  Vol  XIV.,  Part  I.,  was  delayed  in  ita  issi 
owing  to  unforeseen  causes,  but  was  issued  to  the  members  o 
December  :J()th,  1000.  Part  II.,  ilhistrated  by  28  plates,  ineludir 
a  splendid  series  of  half-tone  blocks  of  Carboniferous  fossil  plant 
was  published  in  October. 

The  Council  suggest  the  following  arrangements  for  the  Gener 
Meetings  and  Field  Excursions  in  1 00*2  : — 

(1)  South  Eiist  Scotland — for  the  examination  of  the  igneoi 
rocks,  with  a  view  to  the  identification  of  erratics,  and  tl 
glacial  de|X)sits. 

(2)  Whitby — for  examination  of  the  glacial  features  of  the  m(x 
lands  between  Whitby  and  Pickering. 

(3)  The  Annual  Meeting  to  l)e  held  at  Hull. 
Tlie  arrangements  of  dates  and  leiiders  were  deferred  until  t 

!j  Spring  Council  Meeting. 

Our  Proceedings  as   usual    have    been    forwarded   to  leadi 
Scientific  Societies  in  various  parts  of  the  world,  and  publicatic 
'l  in  exchange  have  been  received  from  the  following  Societies  :- 

I  British  Association. 

:  I 

Royal  Dublin  S<K*iety. 

Royal  ( Jeographical  Society. 
'  Royal  Society  of  Edinburgh. 

Royal  I'hysical  Society  of  Edinburgh. 
!  Royal  Society  of  New  South  Wales. 

■ 

*  :  Department  of  Mines,  Sydney,  N.S.W. 

J  Department  of  Mines,  Adelaide,  S.  Australia. 

i  Nova  Scotian  Institute  of  Science. 

Royal  Institution  of  Cornwall,  Truni. 

Rristol  Naturalists'  Societ}'. 

Cambridge  Philosophical  Society. 

Essex  Naturalists'  Field  Club. 

E<linburgh  (Geological  Society. 

<ieological  Association,  London. 

(Geological  Society  of  London. 

Lee<l8  Philosophical  and  Literary  Society. 

Liverpool  (^Geological  Society. 

Liverpool  CGeological  Association. 

Hampshire  Field  CJlub. 

Hull  (Geological  Society. 
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Herefordsliire  Natural  History  Society. 

Manchester  (leological  Society. 

Manchester  Geographical  Society. 

^lanchester  Literary  and  Philosophical  Society. 

Xottingham  Naturalists'  S(x;iety. 

Rochdale  Literary  and  Scientific  Society. 

University  Library,  Carabridge. 

Yorkshire  Naturalists'  Union. 

Yorkshire  Philosophical  Society,  Yoi'k. 

American  Philosophical  Society,  Philadelphia,  U.S.A. 

American  Museum  of  Natural  History,  New  York,  U.S.A. 

Academy  of  Natural  Sciences,  Philadelphia,  U.S.A. 

Brooklyn  Institute  of  Arts  and  Sciences,  Br(X)klyn,  U.S.A. 

Boston  Society  of  Natural  History,  Boston,  U.S.A. 

Kansas  University,  Lawi*ence,  Kansas. 

Wisconsin  Cieological    and   Natural    History   Survey,   Madison,   Wis., 
U.S.A. 

(Geological  Survey  of  Minnesota,  Minneapolis,  Minn.,  U.S.A. 

Chicago  Acailemy  of  Sciences. 

Museum  of  Comparative  Zoology  at  Harvard  College,  Cambridge,  Mass. 

New  York  Academy  of  Sciences,  New  York. 

United  States  Geological  Survey,  Washington,  D.C. 

Klisha  Mitchell  Scientific  Society,   University  of  N.  Carolina,  Chapel 
Hill,  U.S.A. 

New  York  State  Library,  Albany,  U.S.A. 

Wisconsin  Academy  of  Sciences,  Arts,  and  Letters. 

Smithsonian  Institution,  Wasbiogton,  D.C. 

L' Academic  Royale  Suedoise  des  Sciences,  Stockholm. 

Societc  Imperiale  Mineralogique  de  St.  Petersburg. 

Societc  Imperiale  des  Naturalistes,  Moscow. 

Comite  Geologique  de  la  Russic,  St.  Petersburg. 

Instituto  Geologico  de  Mexico. 

Socicdad  Cientifica  '*  Antonio  Alzate,"  Mexico  City. 

Australian  Museum,  Sydney. 

Australian  Association  for  the  Advancement  of  Science,  Sydney. 

Natural  History  Society  of  New  Brunswick. 

L' Academic  Royale  des  Sciences  et  des  Lettres  de  Danemark,  Copen- 
hague. 

Kaiserliche    Leopold-Carol.    Deutsche    Akademie    der    Naturforscher, 

Halle-a-Soale. 
(leological  Institution,  Royal  University  Library,  Upsala. 
Imperial  University  of  Tokyo,  Japan. 

W.  Lower  Carter. 
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RECORDS  OF  MEETINGS. 

Council  Meeting^  Philosophical  Hall,  Leeds,  21st  March,  1901. 

Chairman  : — Mr.  P.  F.  Kendall. 

Present  : — Messrs.  W.  Cash,  G.  Bingley,  A.  R.  Dwerryhouse, 
.  D.  Wellburn,  W.  Ackroyd,  J.  J.  Wilkinson,  C.  W.  Fennell,  J.  E, 
edford,  and  W.  L.  Carter  (Hon.  Secretary). 

The  minutes  of  the  previous  Council  Meeting  were  reiul  and 
mfirmed. 

Letters  of  regret  for  non-attendance  were  read  from  Messrs. 
.  Law,  \V.  Crregson,  \V.  Simpson,  J.  11.  Howarth,  J.  W.  Stather, 
.  n.  Parke,  and  F.  W.  Branson. 

A  letter  was  read  from  Lord  Masham  accepting  the  office  of 
ice-President. 

The  Hon.  Secretary  reported  that  he  had  received  an  invitation 
om  the  Council  of  the  British  Association  to  be  one  of  the  Secre- 
kries  of  Section  C  at  the  Glasgow  meeting,  but  that  he  had  not  been 
die  to  accept  the  honour. 

Mr.  Bingley  announced  that  a  lecture  on  "  The  Australian  Alps  " 
y  Mr.  Stirling,  the  President  of  the  Victorian  Survey,  would  be 
iven  on  a  Tuesday  evening  in  October  or  November,  and  invited 
iir  Society  to  unite  in  the  arrangements. 

Resolved,  that  this  Society  unite  with  the  J-.eeds  Scientific 
ocieties  on  equal  terms  in  the  arrangements  for  the  lecture. 

Short  reports  of  the  present  position  of  the  Underground  Waters' 
Qvestigation  were  made  by  the  Secretary  and  Mr.  Dwerryhouse, 
nd  it  was  resolved  that  the  Committee  have  the  right  to  add  the 
ames  of  landowners  or  others  interested  in  the  investigations  to 
lie  Committee. 

The  following  arrangements  for  the  (General  Meetings  and  Field 
^cursions  were  made  : — 

(1)  That  the  first  meeting  be  held  in  the  Lake  District,  with 
Keswick  as  the  centre,  from  June  *28th  to  July  2nd, 
with  Mr.  John  Postlethwaite,  F.G.S.,  as  leader. 
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(*2)  That  the  second  meeting  be  held  at  Leybum  on  July  2Cth 

and  27th,  with  Mr.  William  Home,  F.G.S.,  as  leader. 
(3)  That  the  Annual  Meeting  be  held  at  Bradford. 
The  follo\nng  accounts  were  passed  for  payment : — 

£  8.  d. 
F.  Carter  (stationery  and  circulara)  ..  2  13  3 
Chorley  t^' Pickersgill  (printing  Proceedings)     32  11    0 


£35     4    3 
The  report  of  Mr.  W.  Gregson,  F.G.S.,  the  British  Association 
delegate,  was  read  by  the  Secretary 

Resolved,  that  the  report  be  accepted  and  that  Mr.  Gregson 
be  thanked  for  his  services. 

The  Rev.  W.  Lower  Carter,  M.A.,  was  elected  Representative 
(fovernor  of  the  Yorkshire  College. 

Mr.  A.  R.  Dwerry house  was  unanimously  appointed  delegate 
to  the  B.A.  Cori-esponding  Societies  Committee  at  the  Glasgow 
meeting. 

It  was  resolved  that  an  illuminated  address  be  presented  to 
tlie  Marquis  of  Ripon  on  the  f)ccasion  of  his  (Jolden  Wedding  on 
April  8th  :  that  the  address  be  in  book  form,  and  that  Messrs.  G. 
Bingley,  F.  W.  Branson,  and  the  Secretarj'  form  a  sub-committee 
to  carry  out  the  arrangements. 

Resolved,  that  a  Special  Meeting  be  held  at  Leeds  on  Thursday, 
April  25th,  to  hear  a  paper  by  Mr.  W.  Ackroyd,  F.LC. 


Meeting  of  th€  Underground  \\aters'  Committee  (Ingleborough 
Sub-Committee). 

Chairman  : — Mr.  P.  F   Kendall. 

Present: — Messrs.  A.  R.  Dwerrvhouse,  W.  Ackrovd,  and  \\. 
L.  Carter  (Hon.  Sec). 

Letters  of  regret  for  absence  were  received  from  Messrs.  J.  H. 
Howarth,  F.  W.  Branson,  and  C.  W.  Fennell. 

The  minutes  of  the  previous  Committee  Meeting  were  read  and 
confirmed. 
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Mr.  DweiTvhouse  reported  the  results  of  the  experiment  made 
with  fluorescein  at  Crina  Bottom,  which  was  discliarged  the  next 
day  in  the  springs  supplying  the  Ingleton  reservoir.  The  line  of 
undergroiuid  water  movement  appeared  to  be  that  of  the  master 
joints. 

The  following  accounts  were  passed  for  payment . — 

£     s.     d. 

Reynolds  6:  Branson  0  17     2 

Chorley  &  Pickersgill  ;5   1 1     0 

New  Inn,  Clapham 115 

F.   Carter  (stationery; 0  l.'i     (> 


£•()    :j  10 

Resolved,  that  flouresci»in  be  put  into  Alum  Pot  on  Saturdav, 
March  30th,  and  that  Messrs.  P.  F.  Kendall,  A.  R.  Dwerryhouse, 
J.  H.  Howarth,  F.  W.  Branson,  W.  Ackroyd,  and  W.  L.  Carter  form 
a  Sub-Committee  to  carry  out  the  arrangements. 

The  question  of  adding  names  to  the  Committee  was  ccmsidered 
and  postponed. 


General  Meeting,  Chemist's  R(K)m,  Church  Institute,  Leeds, 
April  25th,  11)01. 

Chainnan  : — D.   Forsyth,   Esq.,  M.A.,  D.Sc. 

A  paper  was  read  by  Mr.  William  Ackroyd,  F.I.C.,  on  ''Salt 
Circulation  and  its  Bearing  on  (Jeological  Problems.'' 

A  discussion  followed,  in  which  Messrs.  P.  F.  Kendall,  F.  W. 
Branson,  the  Chairman,  and  other  meml)ers  took  part. 

The  proceedings  ck)sed  with  a  hearty  vote  of  thanks  to  the  Reader 
of  the  paper. 


General  Meeiimj  ami  Field  Excursion,  Keswick,  .June  28th  to 
July  2nd,  1001. 

June  28th. — ^The  party  visited  Threlkeld  granite  quarry  under 
the  leadership  of  Mr.  John  Postlethwaite.  F.G.S.,  and  inspected  the 
granite  and  its  junctions  with  the  Skiddaw  Slate.  The  flag  works 
was  also  visited 


A  -T-.T^-at  ^iti  Tiifi  sjiif  !•>  t»  Ojnidmtem  Vallev.  and  the 
i.r-^-i.i*  iZ2»  c  Tiii-  sttLsef  irri'-  -^riiiat':^*  «lue  uid  spotted  schist  was 
TTi»---i  iu*ni  «"iiiiC  Mfnt'*x  :r.  a«  tbt  sruuK*  was  approached  In 
^^^-wa.  -A  '-lit  Sciiiiv  •»rvirW'  uvi  its  jonctioos  with  the  achkt 
▼-r»  *xi.Tii^tfi>     Til*  TaTTT  rscnrrwd  t.>  Keswick  hv  wav  ot  Latrifs. 

-  •  •  •  IX? 

r"'-*    -^f-^f '  Ji'^iMfS  wi»  iftii  At  lae-  Keswick  H«jCeL  UDder  the 
Tilt  :•  J»  ir^;£  :i*w  ::j*^L*:er5  wer?  -rWted  : — 

Zr    Zr^nz^frsZ  A=»6tT»:c,  F."i.S.  Y-.«rk. 
>tr    iiz=.^zii  >c*o:if-  •""iii^iAiii. 

>:?    N  irrio::!  Mrl^c  Rk2:is;kT  V  is^Mi.  A.M.LC.L,  North 


>L'    W    Ifcj^c  Retook.  F.LS.,  Leeds. 

Tist  •J'lii.iT^ijLZ.  iriTfTYC  ^n  ^ires^  -^  the  work  to  be  done 

A^  iiiirt^  T^i^  Sr-iTrreii  "tv  Mr  •'.  S.  >liiiillemisew  RA-,  F.G.S., 
c  : >  Ir.t'.i."  ■-'T*  u  c-'----^  >irrf T.  .-r:  "  T-.r  lir»»k«nr  .:4  the  Himalavai." 

Arrtr  ^  i^s,  :-«l-  c  i  "s  -tr  <i  :'r.jnkf  w,i5  awsiided  to  the  LeiHirtr. 

7:r  r:z.a^r_i-c  :'':s5.rrfT»  wj^s  :ii>iKim^  iintil  Satuniav  fvening. 

"  _r.r  -.t:.  —  rr.-r  rv-nr  ir::  :.  r  R'mr-Tdnle  iuid  Biitieniiere  bv 
"^  C^  cf -Tt.  Fi-r  !•  w-fr  iivi  ui  FiJi>.-n  -nig  was  examined,  and 
:  -  -:-«;?.  r.  ':*rZ^r*ri  ihr  SkS-i-i-w  SL  ^es  und  the  B'rr»wdale 
>-rT>  ■» -5  ^rr-  ^:  H  Cj.ws  FAm..  near  Grange.  The  n»ute  '^ver 
:-.  .-.  <Tr  Fiiii  -ff.^  :':  rr.  tiken  lo  Bi;t tenters,  where  an  t-xpisure  «:l 
:  :  .zT-r  ■t:«t\  -^r-s  rx-inined.  Ti.e  return  >»umev  t«  i  Keswick  wiis 
:.  >:-:    ":  ■•  v..-.     :  Xfwkrhis. 

A:  ::t   ..  :> -.irr-fi  rLeeiini:  an  adiiresi?  w;is  given  by  Mr.  John 
r  >:■::   V..:.,   F.<i.>..     r.  *  The  lie»>ki<;T  <i  the  Kesii-iok  District. 
T  .:>  -..>  :  '.•  wei  ':  v  :.  vii-k^iissac-n.  and  heart v  votes  of  thanks  were 
:\.i5s:«:  :■  : :.-  Lr*  T/.rer  und  Leader  I'f  the  Excursions,  and  to  the  Chair- 
r-..*r-   :  r   :-<  v„!::-rvi  ^^t^ist^kncie. 
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July  1st. — The  party  travelled  by  train  to  Troutbeck,  and  went 
'  waggonette  to  Eycott  Hill,  where  the  lavas  and  ashes  were  ex- 
nined.  Thence  the  route  was  taken  to  Carrock  Fell,  where  ex- 
>8ures  of  ilmenite,  diorite,  trachyte,  and  greissen  were  examined. 

July  2nd. — The  party  drove  from  Keswick  through  the  Vale 
Naddle,  and  examined  the  junction  of  the  Skiddaw  Slates  and 
le  Volcanic  Series  at  the  foot  of  West  Brow,  near  Causeway  Foot, 
n  old  volcanic  neck  at  Bridge  End,  close  to  Thirlmere  dam,  was 
jxt  visited,  and  the  drive  continued  to  Dunmail  Raise,  evidences 
glacial  action  being  noted  on  the  way.  The  return  journey  was 
ken  by  the  western  side  of  Thiihiiere  to  examine  the  Armboth 
ykc.     This  concluded  a  most  profitable  and  interesting  excursion. 


General  Meeting  and  Field  Excursion^  Leyburn,  July  26th 
s  •29tli,   1901. 

July  2Gth. — The  party  met  at  I^yburn,  and  visited  iMr.  Home's 
useum.  Mr.  William  Home.  F.G.S.,  then  led  them  to  the  Black 
tone  quarries,  and  the  ^iain  Limestone  below  was  examined.  The 
:tum  route  was  along  Leyburn  Shawl,  and  a  chert  quarry  in  Ley- 
xvn  was  visited. 

The  General  Meeting  was  held  at  the  Golden  Lion  Hotel,  Leyburn, 
ader  the  presidency  of  Mr.  W.  Home,  F.G.S. 

An  address  was  given  by  the  Chairman  on  the  local  geological 
id  antiquarian  objer      of  interest. 

A  paper  was  read  t     the  Rev.  W.  Lower  Carter,  M.A.,  F.G.S. 
n  "The  Yoredales  and  their  southern  equivalents  in  Yorkshire." 

A  discussion  foPowea  in  which  Messrs.  Rt  H.  Tiddeman,  J.  J. 
nlkinson,  C.  T.  Whitmell,  and  others  took  part. 

The  proceedings  concluded  with  a  vote  of  thanks  to  the  Chair- 
lan  and  the  Reader  of  the  paper= 

Julv  27th. — Train  was  taken  to  Redmire  station,  and  a  visit 
aid  to  Bolton  Castle.  Thence  the  fields  were  crossed  to  Aysgarth 
alls,  and  luncheon  was  provided  at  the  Palmer  Flat  Hotel.  After 
isiting  Aysgarth  Cluirch,  and  inspecting  the  old  rood  screen,  the 
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A  tni verse  was  then  made  to  the  (ilenderaterra  Vallev.  and  the 
alterations  of  the  slates  into  chiastolite  slate  and  spotted  schist  was 
traced,  mica  schist  coming  in  as  the  granite  wiis  approached  In 
»Synen  Gill  the  Skiddaw  (iranite  and  its  junctions  with  the  schirt 
were  examined.    The  party  returned  to  Keswick  by  way  of  Latrigg. 

The  General  Meeting  was  held  at  the  Keswick  Hotel,  under  the 
presidency  of  Mr.  Percy  F.  Kendall,  F.CJ.S. 

The  following  new  members  were  elected  : — 
Rev.  W.  Johnson,  York. 
Dr.  Tempest  Anderson,  F.G.S.,  York. 
Mr.  Edmund  Spence,  Clapham. 
Rev.    Henry  Canham,   F.G.8.,   J^eathley. 
Mr.  Nonnan  Mcleod  Ramsay  V  Ison,  A.M.I.C.E.,  North- 
allerton. 
Mr.  Simeon  Walton,  Elland. 
Mr.  Joe  Sagar,  Halifax. 
Mr.  W.  Denison  Roebuck,  F.L.S.,  I..eeds. 

The  Chairman  delivered  an  address  on  the  work  to  be  done 
during  the  meeting. 

An  address  was  delivered  bv  Mr.  C.  S.  Middlemiss,  B.A.,  F.G.S., 
of  the  Indian  Geological  Survey,  on  "  The  Geology  of  the  Himalayas.^ 

After  a  discussion  a  vote  of  thanks  was  awarded  to  the  LcitiirtT. 

The  remaining  business  wiis  adjourned  imtil  Saturday  evening. 

June  2i)th. — The  piirty  left  for  Borro  vdale  and  Ruttemiere  by 
waggonette.  The  lower  lava  at  Falcon  Crag  was  examined,  and 
the  junction  between  the  Skiddaw  Sh.'es  and  the  Borruwdale 
Series  was  seen  at  Hollows  FaiTn,  near  .Jrange.  The  route  over 
Honister  Pass  was  then  taken  to  Buttermere,  where  an  exposure  of 
the  granophyre  was  examined.  The  return  journey  to  Keswick  was 
taken  bv  wav  of  Newlands. 

At  the  adjourned  meeting  an  address  was  given  by  Mr.  John 
Postletliwaitc,  F.G.S.,  on  "  Tlie  Geology  of  the  Keswick  District."' 
This  was  followed  by  a  discussion,  and  he^irty  votes  of  thanks  were 
passed  to  the  Lecturer  and  Leader  of  the  Excursions,  and  to  the  Chair- 
man for  liis  valued  assistance. 
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July  1st. — The  party  travelled  by  train  to  Troutbeck,  and  went 
by  waggonette  to  Eycott  Hill,  where  the  lavas  and  ashes  were  ex- 
amined. Thence  the  route  was  taken  to  Carrock  Fell,  where  ex- 
posures of  ilmenite,  diorite,  trachyte,  and  greissen  were  examined. 

July  2nd. — The  party  drove  from  Keswick  through  the  Vale 
of  Naddle,  and  examined  the  junction  of  the  Skiddaw  Slates  and 
the  Volcanic  Series  at  the  foot  of  West  Brow,  near  Causeway  Foot. 
An  old  volcanic  neck  at  Bridge  End,  close  to  Thirlmere  dam,  was 
next  visited,  and  the  drive  continued  to  Dunmail  Raise,  evidences 
of  glacial  action  being  noted  on  the  way.  The  return  journey  was 
taken  by  the  western  side  of  Thiihnere  to  examine  the  Armboth 
Dyke.    This  concluded  a  most  profitable  and  interesting  excursion. 


General  Meeting  and  Field  Excursion,  Leyburn,  July  26th 
to  29tli,   1901. 

July  2Gth. — ^The  party  met  at  I^yburn,  and  visited  Mr.  Home's 
museum.  Mr.  William  Home,  F.G.S.,  then  led  them  to  the  Black 
Stone  quarries,  and  the  Main  Limestone  below  was  examined.  The 
return  route  was  along  l,eyburn  Shawl,  and  a  chert  quarry  in  Ley- 
bum  was  visited. 

The  General  Meeting  was  held  at  the  Golden  Lion  Hotel,  Leyburn, 
under  the  presidency  of  Mr.  W.  Home,  F.G.S. 

An  address  was  given  by  the  Chaimtian  on  the  local  geological 
and  antiquarian  objer      of  interest. 

A  paper  was  read  t     the  Rev.  W.  l^wer  Carter,  M.A.,  F.G.S. 
on  "The  Yoredales  and  their  southern  equivalents  in  Yorkshire." 

A  discussion  foPowea  in  which  Messrs.  Ri  H.  Tiddeman,  J.  J. 
Wilkinson,  C.  T.  Whitmell,  and  others  took  part. 

The  proceedings  concluded  with  a  vot€  of  thanks  to  the  Chair- 
man and  the  Reader  of  the  paper= 

Julv  27th. — Train  was  taken  to  Redmire  station,  and  a  visit 
paid  to  Bolton  Castle.  Thence  the  fields  were  crossed  to  Aysgarth 
Falls,  and  luncheon  was  provided  at  the  Palmer  Flat  Hotel.  After 
visiting  Aysgarth  Church,  and  inspecting  the  old  rood  screen,  the 
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fofisiliferous  limestones  above  the  upper  fall  were  worked,  yieldin 
many  corals.  Bear  Park  was  then  visited,  by  the  land  permisBion  ( 
Mr.  Thomas  Bradley,  and  his  interesting  Alpine  garden  examined. 
July  29th. — ^Train  was  taken  to  Askrigg,  and  Mill  Gill  and  Bo' 
Bridge  Falls  were  visited.  The  party  went  on  to  Hawes  and  walke 
to  Hardraw  Foss.  O^^-ing  to  Sunday's  heavy  rains  the  waterfall 
were  seen  at  their  best.  The  members  separated  at  Hawes  Statioi 
with  heartiest  thanks  to  Mr.  William  Home  for  his  genial  and  ir 
St  motive  leadership. 

Council  Meeting.  Philosophical  Hall,  I>eeds,  .*Hst  October,  1901 

Chairman  : — Mr.  Godfrey  Bingley. 

Present : — Messrs.  P.  F.  Kendall,  J.  E.  Wilson,  J.  J.  Wilkinsor 
W.  Cash,  J.  H.  Howarth,  W.  Ackroyd,  W.  Simpson,  C.  W.  Fennel 
E.  D.  Wellbum,  J.  E.  Bedford.  A.  R.  Dwerryhouse,  F.  W.  Bransor 
and  W.  L  Carter  (Hon.  Sec.). 

Letters  of  regret  for  non-attendance  were  received  from  Messn 
W.  Rowlev,  J.  W.  Stather.  J.  J.  Wilkinson,  and  G.  H.  Parke. 

The  minutes  of  the  preceding  Council  Meeting  were  read  an 
confirmed. 

Annual  Meeting, — The  Secretary  read  a  letter  from  Lord  Ripoi 
agreeing  to  the  suggestion  that  the  Annual  Meeting  should  be  liel 
at  Bradford  on  November  14th,  but  regretting  that,  owing  to  lii 
physician's  orders,  he  would  not  be  able  to  preside. 

The  Secretary  reported  that,  in  consultation  with  the  Bradfon 

Local  Secretary,  Mr.  J.  E.  Wilson,  he  had  invited  the  Rev.  W.  11 

Keeling,  M.A.,  Headmaster  of  the   Bradford   Grammar  ScIkx)!,  t 

preside,  and  that  he  had  accepted  the  chairmanship  of  the  Meeting 

The  Heiid master  had  also  kindly  granted  the  use  of  a  room  at  th 

Grammar  School  for  the  Meeting. 

I  It  was  arranged  that  Messrs.  J  E.  Wilson  and  Dr.  J.  Moiickniai 

^  should  lead  an  Excursion  on  the  morning  of  November  14tli.  to  se 

■ 

{  the  lake-deposits  at  I/eventhorpe,  walk  to  Chellow  Dean,  and  acrucj 

:  to  Shipley.     TAmcheon  to  be  at  the  Royal  Hotel.     Messrs.  Wilsi^n  am 

I  Monckman  to  arrange  for  opening  a  face  in  the  gravels. 

i  These  arrangements  were  approved. 
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It  was  then  decided  that  tlie  Annual  Meeting  should  commence 
at  3.15  p.m.  Papers  were  accepted  from  Dr.  Wheelton  Hind  and 
Mr.  J.  \V.  Stather ;  report  of  the  U.W.C\  by  Mr.  Dwerryhouse, 
illustrated  by  a  large  model ;  lantern  slides,  illustrating  the  Keswick 
Excursion,  by  Mr.  Godfrey  Bingley  ;  and  papers  by  Professor  Hughes 
and  Mr.  E.  D.  VVcllburn.  The  dinner  to  be  at  the  Royal  Hotel  at 
0  o'clock. 

The  Secretary  read  lettei-s  from  Messrs.  J.  E.  Marr,  F.R.S., 
E.  0.  (Garwood,  F.G.S..  and  R.  IL  Tiddeman,  F.G.S.,  regretting  their 
inability  to  attend  the  .\nnual  Meeting. 

Dr.  Monckman's  ofrer  to  exhibit  a  series  of  rock  specimens  was 
accepted. 

The  following  accounts  were  passed  for  payment : — 

£     s.     d. 
Chorley  &  Pickersgill  (blocks  for  Proceedings)   25     5     4 
Ooodall  &:  Suddick  (illuminated  address)  . .       (>     0     0 
F.  Carter  (circulars,  stationery,  and  stamps)       7     2  10 


£38     U  2 

The  list  of  Officers  and  Council  for  the  forthcoming  year  was 
considered,  and  it  wiis  decided  to  renominate  the  members  who  had 
served  for  the  present  year,  witli  the  following  exceptions  : — 

Mr.  William  Cash  intimated  that  he  could  not  continue  to  fill 
the  office  of  Treasurer,  and  desired  the  Council  to  nominate  someone 
in  his  place.  Mr.  Cash  was  warmly  and  unanimously  urged  to 
continue  in  his  office,  but  preferred  to  resign. 

Mr.  James  H.  Howarth,  F.G.S.,  was  proposed  and  seconded  for 
nomination  in  Mr.  Cash's  place. 

A  resolrnon  of  sincere  regret  at  Mr.  Cash's  resignation,  and  of 
hearty  recognition  of  his  long  and  valued  services,  was  imanimously 
atlopted. 

Mr.  William  Simpson,  F.G.S.,  was  nominated  as  Auditor  instead 
of  Mr.  J.  H.  Howarth. 

After  some  consideration  it  was  decided  that  the  following  arrange- 
ments should  be  made  for  1902  : — 

(1)  South-east  Scotland — for  examination  of  igneous  rocks  and 
glacial  deposits. 


■»>'«:«»  •>r  «EZTn?«^.s. 


'ijshj — sr  lie  ytaT.Haia^?!!  r4  the  cbcul  t«itura  of  the 

Vs^  Sei-r^CkJT  T"?*!  ibf  Ann^  Rpport.  irhk-hu  with  a  tew  emenda- 
x^fSK  witf  *irrt?cce'i  vr  r*ifisi??::u.t>"-o  to  the  Ann«ial  Meeting. 


J/'*f*.'i*j   :r   tv    C^ier^rxJk^i  Gazers'  Commiife^  (Jnol^borounh 

r  0^-^:0:1  -Mr.  F.  F.  KwijiiL 

FrsKi-  — M-saff^  I.  H.  H  w^nii.  F.  W.  Bransoiu  W.  AckrovA 
A>  R-  E»»»rrTr.:<»-  0.  W.  Fen'>^S.  a»i  W.  U  Carter  iHon.  Sec). 
T^  r^iiiit-af  c<  iht  pKosiing  C:<nimttee  Meeting  were  read  and 


Mr.  r*w*rrTtr:42se  r?*d  the  reiwrt  whk'h  was  Dresented  to  the 
BL\.  M-jiptiTii  a:  Oii^g«:  w. 

Mr.  Dwerryih-'Oae  r?T>:«ned  that  the  flimivscem  put  into  Long 
O.im  h*ii  aroR^red  at  Tom  Dab,  00  the  ••pp^ate  side  of  the  Ribble. 

Mr.  Kec-iaH  r?r»>rteii  that,  c«r  a  recent  visit  to  the  bwer  part  of 
« 'r.!ii  R:<t» xn  VaDey.  -Tenkin  Be»:k  appeared  as  a  smaH  trickly  streiim. 
iTji  Wis  rcneii  br  a  ow-'Jis  srring  o»:'min<:  out  of  the  eastern  side  of 
thr  TAjey.  A  ?rtle  k-wer  d-^wn.  the  stream  entered  a  small  hole  in 
thr  western  sa^ie  oi  the  valier.  Bv  !':*^iling  the  stream  it  was  f«>umi 
t.:  -Tiieree  in  2|  minutes  ab--»iit  -«»  yards  further  down  the  valley. 
ir.'i  by  leveliinff  it  was  asi.^rtained  that  this  p>int  of  emergence  was 
At  :he  exact  akirude  *-A  the  visibie  •-•utcr»>p  of  the  fhdovician  r«vk 
!•  vr-r  dv'wn  the  valley. 

It  was  det:ided  to  put  d*  ^wn  KT^re  holes  near  Turn  Dub  to  ascertain 
:h-  irpth  '-.i  the  drift. 

Mr.  Dwerryhouse  sug;2ested  that  I-ong  ChiUTi  and  its  passa^t^ 
sh  lid  b^  surveyed  and  a  plan  made  of  them,  and  proposed  that  .Mr. 
Tnr'  dore  Ashlev.  of  Leeds,  should  be  invited  to  undertake*  this  survev. 
hi?  ««Tit<'f-p:"cket  expenses  being  refunded  by  the  Committee.  Thi? 
w:\s  approved. 

It  was  decided  to  ret  est  the  Shooting  Box  stream,  and  to  find  out 
th*^  relation  of  Footnaws  Hole  to  the  Alum  Pot  dminacce. 
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On  account  of  the  unusually  dry  season  it  was  thought  that 
inquiries  should  be  made  about  the  sUite  of  the  springs  at  Malham, 
and  the  Secretary  was  instructed  to  write  to  Mr.  Walter  Morrison 
for  information.  If  Gordale  were  dry  it  was  thought  very  advisable 
to  test  it  again  with  both  fluorescein  and  sulphate  of  ammonia,  in 
order  to  ascertain  whether  both  of  the  springs  at  the  base  of  Gordale 
Scar  were  affected.  Also  it  was  thought  advisable  to  test  the  spring 
that  sinks  at  (iordale  Scar,  and  to  see  whether  the  water  emerges  at 
Janet's  Cove  as  reported. 


Annual  General  Meeting ,  the  (rrammar  School,  Bradford, 
November  14th,  1901. 

Chairman  : — Rev.  W.  H.  Keeling,  M.A.,  Headmaster  of  the 
Bradford  (Grammar  School. 

The  Hon.  Secretary  read  letters  of  regret  for  non-attendance 
fiom  the  Marquis  of  Ripon,  Dr.  A.  (Joyder  (President  of  the  Bradford 
Literary  and  Philosophical  Society),  the  Rev.  E.  Maule  Cole,  M.A., 
and  Messrs.  J.  Norton  Dickons,  W.  ({regson,  D.  Forsyth,  and  C.  W. 
Fennell. 

The  Annual  Report  was  read  by  the  Hon.  Secretary. 

The  Financial  Statement  was  presented  by  the  Treasurer,  Mr.  W. 
Cash. 

Resolved  : — "  That  the  Report  and  Financial  Statement  be 
adopted  and  printed  in  the  Proceedings."  Proposed  by  Mr.  Walter 
Rowlev,  seconded  bv  Mr.  Edwin  Hawkesworth.  and  carried. 

The  following  new  members  were  elected  : — 
Mr.  Joseph  Lomas,  F.G.S.,  Birkenhead. 
Mr.  John  Naughton,  Harrogate. 
Mr.  .-Vrtlmr  N.  Briggs,  Bradford. 

Resolved  : — "  That  the  thanks  of  the  Society  be  given  to  the 
Officers,  Members  of  Council,  and  Local  Secretaries,  for  their  conduct 
of  the  affairs  of  the  Society  during  the  past  year,  and  that  the  names 
nominated  be  and  hereby  are  elected  to  serve  for  the  year  1901-2.'* 
Proposed  by  Mr.  J.  W.  Sutcliffe,  seconded  by  Mr.  J.  Lomas,  and 
carried. 


522  RBCORIW    OF    MERTINGS. 

President : 
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